a2 United States Patent

US007846453B2

(10) Patent No.: US 7,846,453 B2

Godowski et al. (45) Date of Patent: Dec. 7,2010
(54) METHODS OF STIMULATING ERBB4 WO WO 98/57989 12/1998
RECEPTOR PHOSPHORYLATION
OTHER PUBLICATIONS

(735)

(73)

@
(22)

(65)

(60)

(60)

(1)

(52)

(58)

(56)

Inventors: Paul J. Godowski, Burlingame, CA
(US); Melanie Rose Mark, Burlingame,
CA (US); Dong Xiao Zhang,
Burlingame, CA (US)

Assignee: Genentech, Inc., South San Francisco,
CA (US)

Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 239 days.

Appl. No.: 11/454,635
Filed: Jun. 15, 2006

Prior Publication Data

US 2007/0048822 Al Mar. 1, 2007

Related U.S. Application Data

Continuation of application No. 10/215,862, filed on
Aug. 9, 2002, now abandoned, which is a continuation
of application No. 09/126,663, filed on Jul. 30, 1998,
now abandoned, which is a division of application No.
08/899,437, filed on Jul. 24, 1997, now Pat. No. 6,121,
415.

Provisional application No. 60/052,019, filed on Jul. 9,
1997.

Int. CI.

A6IK 39/00 (2006.01)

AG6IK 38/18 (2006.01)

CO7K 14/475 (2006.01)

US.CL ..o 424/198.1; 424/185.1; 514/12;
530/350; 530/399

Field of Classification Search ....................... None

See application file for complete search history.

References Cited
U.S. PATENT DOCUMENTS
4,892,538 A 1/1990 Aebischer et al.
5,011,472 A 4/1991 Acbischer et al.
5,714,147 A 2/1998 Capon et al.
5,770,567 A 6/1998 Ho et al.
6,121,415 A 9/2000 Godowski et al.

6,727,077 Bl 4/2004 Young et al.

2004/0048295 Al 3/2004 Young et al.

WO
WO
WO
WO
WO
WO

FOREIGN PATENT DOCUMENTS

WO 92/19195 11/1992
WO 93/25673 12/1993
WO 95/05452 2/1995
WO 96/15244 5/1996
WO 96/36720 11/1996
WO 97/09425 3/1997

Hirsch E. Neuroinflammation in Parkinson’s disease: a target for
neuroprotection. Lancet Neurol. 2009, vol. 8, p. 392-397.*

Walker, F.O. Huntington’s disease. Lancet. 2007, vol. 369, p. 218-
228.%

Jackowski A. Neural injury repair: hope for the future as barriers to
effective CNS regeneration become clearer. Br. J. Neurosurgery.
1995, vol. 9, p. 303-317.*

Vickers J.C. A vaccine against Alzheimer’s disease. Drugs Aging.
2002, vol. 19(7), p. 487-494.*

Penderis J. et al. Increasing local levels of neuregulin (glial growth
factor-2) by direct infusion into areas of demyelination does not alter
remyelination in the rat CNS. Eur. J. Neuroscience. 2003, vol. 18, p.
2253-2264.*

Carteron C, et al. Characterization of a neural-specific splicing form
ofthe human neuregulin 3 gene involved in oligodendrocyte survival.
J. Cell Science. 2006. vol. 119, p. 898-909.*

Acbischer et al., “Intrathecal delivery of CNTF using encapsulated
genetically modified xenogenic cells in amyotrophic lateral sclerosis
patinents” Nature Medicine (published erratum appears in Nat Med
Sep. 1996; 2(9) :1041) 2(6) :696-699 (Jun. 1996).

Barbacci et al., “The structural basis for the specificity of epidermal
growth factor and heregulin binding” Journal of Biological Chemis-
try (published erratum appears in J Biol Chem Nov. 24, 1995;270
(47) :28494) 270(16) :9585-9589 (Apr. 21, 1995).

Beerli et al., “Epidermal growth factor-related peptides activate dis-
tinct subsets of ErbB receptors and differ in their biological activi-
ties” Journal of Biological Chemistry 271 (11) :6071-6076 (Mar. 15,
1996).

Blobel, G., “Intracellular protein topogenesis” Proc. Natl. Acad. Sci.
USA 77(3) :1496-1500 (Mar. 1980).

Bork, P., “Powers and Pitfalls in Sequence Analysis: The 70%
Hurdle” Genome Research 10(4) :398-400 (Apr. 2000).

Bowie et al., “Deciphering the Message in Protein Sequences: Tol-
erance to Amino Acid Substitutions” Science 247:1306-1310 (1990).
Burgess et al., “Possible Dissociation of the Heparin-binding and
Mitogenic Activities of Heparin-binding (Acidic Fibroblast) Growth
Factor-1 from Its Receptor-binding Activities by Site-directed
Mutagenesis of a Single Lysine Residue” Journal of Cell Biology
111:2129-2138 (Nov. 1990).

(Continued)

Primary Examiner—Robert Landsman

Assistant Examiner—Bruce D Hissong

(74) Attorney, Agent, or Firm—Arnold & Porter LLP; Traci
Ropp; Ginger R. Dreger

(57) ABSTRACT

The invention concerns a novel neuregulin related ligand
(NRG3) including fragments and variants thereof, as new
members of the neuregulin family of compounds. The inven-
tion also concerns methods and means for producing NRG3.
The native polypeptides of the invention are characterized by
containing an extracellular domain including an EGF-like
domain, a transmembrane domain and a cytoplasmic domain.
Isolated nucleotide sequences encoding such polypeptides,
expression vectors containing the nucleotide sequences,
recombinant host cells transformed with the vectors, and
methods for the recombinant production for the novel NRG3s
are also within the scope of the invention.
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CCTGACCGGCCGGCGGCGCCCGGGCCGGTCTCGCCCCTCTACCGAGCGCCTCGCCGCC
CCCTCCCCGGCCCGCGTCCCCTCCCCCGTCCTCTCCTCCCCGCCCGCCGCCEGCCTCTC
GGGGGGAGGGGCGTGGGGGCAGGGAGCCGATTTGCATGCGGCCGCCGCGGCCGCTG
CCTGAGCCGGAGCCCGCCGCCGCCGGAGCCCGCGLCLCLCGLGLCLCLCGLGLLLCGGLeCaGea
CGGCCCCATGCCTCTGGCGCGGCCCTCGGGGGGGCGAAGGTGAAGATCGGCTCCTAG
GATGAGTGAAGGGGCGGCCGGTGCCTCGCCACCTGGTGCCGCTTCGGCAGCCGCCGC
CTCAGCCGAGGAGGGCACCGCGGCGGCTGCGGCGGCGGCGGCGGCGGGCGGGGGLC
CGGACGGCGGCGGAGAAGGGGCGGCCGAACCCCCCCGGGAGTTACGCTGTAGCGACT
GCATCGTGTGGAACCGGCAGCAGACGTGGTTGTGCGTGGTGCCTCTGTTCATCGGCTT
CATCGGCCTGGGGCTCAGCCTCATGCTGCTTAAATGGATCGTGGTAGGCTCCGTCAAG
GAGTACGTGCCCACGGACCTGGTGGACTCCAAGGGAATGGGCCAGGACCCCTTCTTCC
TCTCCAAGCCCAGCTCTTTCCCCAAGGCTATGGAAACCACCACAACAACCACTTCTACC
ACGTCCCCCGCCACCCCCTCTGCCGGCGGCGCCGCTTCTTCCAGGACGCCTAACCGGA
TTAGCACCCGCTTGACCACCATCACACGGGCACCCACCCGCTTCCCTGGGCACCGGGT
TCCCATCCGGGCTAGCCCGCGCTCTACCACAGCACGGAACACTGCTGCCCCTCCGACG
GTCCTGTCCACCACGGCCCCTTTCTTCAGTAGCAGCACGCCCGGCTCCCGACCCCCGAT
GCCAGGAGCCCCCAGTACGCAGGCGATGCCTTCCTGGCCCACTGCGGCGTATGCTACC
TCCTCCTACCTCCACGATTCCACTCCCTCCTGGACCCTGTCACCCTTTCAGGATGCTGC
TGCCGCCTCTTCCTCCTCACCCTCTTCCACCTCCTCCACTACCACCACCCCAGAAACTA
GCACCAGCCCCAAATTTCATACTACAACATACTCCACTGAACGATCTGAGCACTTCAA
ACCCTGTCGAGACAAGGACCTGGCGTATTGTCTCAATGATGGTGAATGCTTTGTGATT
GAGACCCTGACAGGATCCCATAAGCACTGTCGGTGCAAGGAAGGCTACCAAGGAGTC
CGTTGTGATCAATTTCTGCCGAAAACAGACTCCATCTTATCGGATCCAACAGACCACTT
GGGGATTGAATTCATGGAGAGTGAAGACGTTTATCAAAGGCAGGTGCTGTCAATTTCA
TGTATCATCTTTGGAATTGTCATCGTGGGCATGTTCTGTGCAGCATTCTACTTCAAAAG
CAAGAAACAAGCTAAACAAATTCAGGAGCACCTGAAAGAGTCACAGAATGGGAAGAA
CTACAGCCTCAAGGCATCCAGCACAAAGTCTGAGAGCTTGATGAAGAGCCATGTCCAT
CTACAAAATTATTCAAAGGCGGATAGGCATCCTGTGACTGCGCTGGAGAAAATAATGG
AGTCAAGTTTTTCAGCTCCCCAGTCGTTCCCAGAAGTCACTTCTCCTGACCGAGGAAG
CCAGCCTATCAAGCACCACAGCCCAGGACAAAGGAGTGGGATGTTGCATAGGAATAC
TTTCAGAAGGGCACCACCCTCACCCCGAAGTCGACTGGGTGGTATTGTAGGACCAGCA
TATCAACAACTTGAAGAATCAAGAATTCCAGACCAGGATACGATACCTTGCCAAGGGA
TAGAGGTCAGGAAGACTATATCCCACCTGCCTATACAGCTGTGGTGTGTTGAAAGACC
CCTGGACTTAAAGTATGTGTCCAATGGCTTAAGAACCCAACAAAATGCATCAATAAAT
ATGCAACTGCCTTCAAGAGAGACAAACCCCTATTTTAATAGCTTGGATCAAAAGGACC
TGGTGGGTTATTTATCCCCAAGGGCCAATTCTGTGCCCATCATCCCGTCGATGGGTCTA
GAAGAAACCTGCATGCAAATGCCAGGGATTTCTGACGTCAAAAGCATTAAATGGTGCA
AAAACTCCTACTCCGCTGACATTGTCAACGCGAGTATGCCAGTCAGTGATTGTCTTCTA
GAAGAACAACAGGAAGTGAAAATATTACTAGAGACTGTGCAGGAACAGATCCGGATT
CTGACTGATGCCAGACGGTCAGAAGACTTCGAACTGGCCAGCATGGAAACTGAGGAC
AGTGCGAGCGAAAACACAGCCTTTCTCCCCCTGAGTCCCACGGCCAAATCAGAACGAG
AGGCACAATTTGTCTTAAGAAATGAAATACAAAGAGACTCTGTGCTAACCAAGTIGACT
GGAAATGTAGGAATCTGTGCATTATATGCTTTGCTAAACAGGAAGGAGAGGAAATTA
AATACAAATTATTTATATGCATTAATTTAAGAGCATCTACTTAGAAGCC

FIG. 1
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TCACCGACCTAGTGGACTCCACTAGGTCGGTGGGCACGTACTCCTTGACGGAGCCCAC
CACGATCCATTTGAGAAGCATGAGGCGCGGCCCCATGCCTCTGCCGCGGCCCTCGGGG
GGGCGAAGGTGAANACCGGCTCCTAGGATGAGTGAAGGGGCGGCCGCTGCCTCGCCA
CCTGGTGCCGCTTCGGCAGCCGCCGCCTCGGCCGAGGAGGGCACCGCGGCGGCTGCG
GCGGCGGCAGCGGCGGGCGGGGGCCCGGACGGCGGCGGCGAAGGGGCGGCCGAGCC
CCCCCGGGAGTTACGCTGTAGCGACTGCATCGTGTGGAACCGGCAGCAGACGTGGCT
GTGCGTGGTACCTCTGTTCATCGGCTTCATCGGCCTGGGGCTCAGCCTCATGCTTCTCA
AATGGATCGTGGTGGGCTCCGTCAAGGAGTACGTGCCCACCGACCTAGTGGACTCCAA
GGGGATGGGCCAGGACCCCTTCTTCCTCTCCAAGCCCAGCTCTTTCCCCAAGGCCATG
GAGACCACCACCACTACCACTTCCACCACGTCCCCCGCCACCCCCTCCGCCGGGGGTG
CCGCCTCCTCCAGGACGCCCAACCGGATTAGCACTCGCCTGACCACCATCACGCGGGC
GCCCACTCGCTTCCCCGGGCACCGGGTGCCCATCCGGGCCAGCCCGCGCTCCACCACA
GCACGGAACACTGCGGCCCCTGCGACGGTCCCGTCCACCACGGCCCCGTTCTTCAGTA
GCAGCACGCTGGGCTCCCGACCCCCGGTGCCAGGAACTCCAAGTACCCAGGCAATGCC
CTCCTGGCCTACTGCGGCATACGCTACCTCCTCCTACCTTCACGATTCTACTCCCTCCT
GGACCCTGTCTCCCTTTCAGGATGCTGCCTCCTCTTCTTCCTCTTCTTCCTCCTCCGCTA
CCACCACCACACCAGAAACTAGCACCAGCCCCAAATTTCATACGACGACATATTCCAC
AGAGCGATCCGAGCACTTCAAACCCTGCCGAGACAAGGACCTTGCATACTGTCTCAAT
GATGGCGAGTGCTTTGTGATCGAAACCCTGACCGGATCCCATAAACACTGTCGGTGCA
AAGAAGGCTACCAAGGAGTCCGTTGTGATCAATTTCTGCCGAAAACTGATTCCATCTT
ATCGGATCCAACAGACCACTTGGGGATTGAATTCATGGAGAGTGAAGAAGTTTATCAA
AGGCAGGTGCTGTCAATTTCATGTATCATCTTTGGAATTGTCATCGTGGGCATGTTCTG
TGCAGCATTCTACTTCAAAAGCAAGAAACAAGCTAAACAAATCCAAGAGCAGCTGAA
AGTGCCACAAAATGGTAAAAGCTACAGTCTCAAAGCATCCAGCACAATGGCAAAGTC
AGAGAACTTGGTGAAGAGCCATGTCCAGCTGCAAAATTATTCAAAGGTGGAAAGGCA
TCCTGTGACTGCATTGGAGAAAATGATGGAGTCAAGTTTTGTCGGCCCCCAGTCATTC
CCTGAGGTCCCTTCTCCTGACAGAGGAAGCCAGTCTGTCAAACACCACAGGAGTCTAT
CCTCTTGCTGCAGCCCAGGGCAAAGAAGTGGCATGCTCCATAGGAATGCCTTCAGAAG
GACACCCCCGTCACCCCGAAGTAGGCTAGGTGGAATTGTGGGACCAGCATATCAGCA
ACTCGAAGAATCAAGGATCCCAGACCAGGATACGATACCTTGCCAAGGGATAGAGGT
CAGGAAGACTATATCCCACCTGCCTATACAGCTGTGGTGTGTTGAAAGACCCCTGGAC
TTAAAGTATTCATCCAGTGGTTTAAAAACCCAACGAAATACATCAATAAATATGCAAC
TGCCTTCAAGAGAGACAAACCCCTATTTTAATAGCTTGGAGCAAAAGGACCTGGTGGG
CTATTCATCCACAAGGGCCAGTTCTGTGCCCATCATCCCTTCAGTGGGTTTAGAGGAA
ACCTGCCTGCAAATGCCAGGGATTTCTGAAGTCAAAAGCATCAAATGGTGCAAAAACT
CCTATTCAGCTGACGTTGTCAATGTGAGTATTCCAGTCAGCGATTGTCTTATAGCAGA
ACAACAAGAAGTGAAAATATTGCTAGAAACTGTCCAGGAGCAGATCCGAATTCTGACT
GATGCCAGACGGTCAGAAGACTACGAACTGGCCAGCGTAGAAACCGAGGACAGTGCA
AGCGAAAACACAGCCTTTCTCCCCCTGAGTCCCACAGCCAAATCAGAACGAGAGGCGC
AATTTGTCTTAAGAAATGAAATACAAAGAGACTCTGCATTGACCAAGIGACTTGAGAT
GTAGGAATCTGTGCATTCTATGCTTTGCTCAACAGGAAAGAGAGGAAATCAAATACAA
ATTATTTATATGCATTAATTTAAGAGCATCTACTTAGAAGAAACCAAATAGTCTATCGC

CCTCATATCATAGTGTTTTTTAACAAAATATTTTTTTAAGGGAAAGAAATGTTTCAGGA
GGGATAAAGCTT

FIG. 2
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METHODS OF STIMULATING ERBB4
RECEPTOR PHOSPHORYLATION

RELATED APPLICATION

This is a continuation application filed under 37 CFR 1.53
(b) of application Ser. No. 10/215,862 filed Aug. 9, 2002 now
abandoned, which is a continuation of application Ser. No.
09/126,663 (abandoned) filed Jul. 30, 1998, which is a divi-
sional application of Ser. No. 08/899,437 (now U.S. Pat. No.
6,121,415) filed Jul. 24, 1997, which claims priority to pro-
visional application Ser. No. 60/052,019 filed on Jul. 9, 1997,
the contents of which are incorporated herein by reference.

FIELD OF THE INVENTION

The present invention concerns novel neuregulin related
ligands. More particularly, the invention relates to a new
member of the neuregulin family and functional derivatives
of the novel polypeptide.

BACKGROUND OF THE INVENTION

Signal transduction affecting cell growth and differentia-
tion is regulated in part by phosphorylation of various cellular
proteins. Protein tyrosine kinases are enzymes that catalyze
this process. Receptor protein tyrosine kinases are believed to
direct cellular growth via ligand-stimulated tyrosine phos-
phorylation of intracellular substrates. Growth factor receptor
protein tyrosine kinases of the class I subfamily include the
170 kDa epidermal growth factor receptor (EGFR) encoded
by the erbB1 gene. erbB1 has been causally implicated in
human malignancy. In particular, increased expression of this
gene has been observed in more aggressive carcinomas of the
breast, bladder, lung and stomach. The second member of the
class I subfamily, p185"“, was originally identified as the
product of the transforming gene from neuroblastomas of
chemically treated rats. The neu gene (also called erbB2 and
HER2) encodes a 185 kDa receptor protein tyrosine kinase.
Amplification and/or overexpression of the human HERS
gene correlates with a poor prognosis in breast and ovarian
cancers (Slamon et al., (1987) Science 235:177-182; and
Slamon et al., (1989) Science 244:707-712). Overexpression
of HER2 has been correlated with other carcinomas including
carcinomas of the stomach, endometrium, salivary gland,
lung, kidney, colon and bladder. A further related gene, called
erbB3 or HER3, has also been described (Kraus et al., (1989)
Proc. Natl. Acad. Sci. USA 86:9193-9197). Kraus et al.
(1989) discovered that markedly elevated levels of erbB3
mRNA were present in certain human mammary tumor cell
lines indicating that erbB3, like erbB1 and erbB2, may play a
role in human malignancies. The erbB3 gene has been found
to be overexpressed in breast (Lemoine et al. (1992) Br. J.
Cancer 66:1116-1121), gastrointestinal (Poller et al. (1992) J.
Pathol. 168:275-280, Rajkumer et al. (1993) J. Pathol. 170:
271-278, and Sanidas et al. (1993) Int. J. Cancer 54:935-940,
and pancreatic cancers (Lemoine et al. (1992) J. Pathol. 168:
269-273, and Friess et al. (1995) Clinical Cancer Research
1:1413-1420).

The class I subfamily of growth factor receptor protein
tyrosine kinases has been further extended to include the
HERA4/Erb4 receptor (EP Pat Appln No 599,274; Plowman et
al. (1993) Proc. Natl. Acad. Sci. USA 90:1746-1750; and
Plowman et al. (1993) Nature 366:473-475. Plowman et al.
found that increased HER4 expression closely correlated
with certain carcinomas of epithelial origin, including breast
adenocarcinomas. Diagnostic methods for detection of

20

25

30

35

40

45

50

55

60

65

2

human neoplastic conditions (especially breast cancers)
which evaluate HER4 expression are described in EP Pat
Appln No. 599,274.

The quest for the activator of the HER2 oncogene has lead
to the discovery of a family of polypeptides, collectively
called neuregulins (NRG1). These proteins appear to result
from alternate splicing of a single gene which was mapped to
the short arm of human chromosome 8 by Orr-Urtreger et al.
(1993) Proc. Natl. Acad. Sci. USA 90:1867-1871.

Holmes et al. isolated and cloned a family of polypeptide
activators for the HER2 receptor which they called heregu-
lin-aa (HRG-a), heregulin-f1 (HRG-p1), heregulin-p2
(HRG-p2), heregulin-p2-like (HRG-B2-like), and heregulin-
B3 (HRG-p3). See Holmes et al.(1992) Science 256:1205-
1210; WO 92/20798; and U.S. Pat. No. 5,367,060. The 45
kDa polypeptide, HRG-q., was purified from the conditioned
medium of the MDA-MB-231 human breast cancer cell line.
These researchers demonstrated the ability of the purified
heregulin polypeptides to activate tyrosine phosphorylation
of the HER2 receptor in MCF7 breast tumor cells. Further-
more, the mitogenic activity of the heregulin polypeptides on
SK-BR-3 cells (which express high levels of the HER2 recep-
tor) was illustrated. Like other growth factors which belong to
the EGF family, soluble HRG polypeptides appear to be
derived from a membrane bound precursor (called pro-HRG)
which is proteolytically processed to release the 45 kDa
soluble form. These pro-HRGs lack a N-terminal signal pep-
tide.

While heregulins are substantially identical in the first 213
amino acid residues, they are classified into two major types,
a and p, based on two variant EGF-like domains which differ
in their C-terminal portions. Nevertheless, these EGF-like
domains are identical in the spacing of six cysteine residues
contained therein. Based on an amino acid sequence compari-
son, Holmes et al. found that between the first and sixth
cysteines in the EGF-like domain, HRGs were 45% similar to
heparin-binding EGF-like growth factor (HB-EGF), 35%
identical to amphiregulin (AR), 32% identical to TGF-c, and
27% identical to EGF.

The 44 kDa neu differentiation factor (NDF), which is the
rat equivalent of human HRG, was first described by Peles et
al. (1992) Cell 69:205-216; and Wen et al. (1992) Cell
69:559-572. Like the HRG polypeptides, NDF has an immu-
noglobulin (Ig) homology domain followed by an EGF-like
domain and lacks a N-terminal signal peptide. Subsequently,
Wen etal. (1994) Mol. Cell. Biol. 14(3:1909-1919 carried out
cloning experiments to extend the family of NDFs. This work
revealed six distinct fibroblastic pro-NDFs. Adopting the
nomenclature of Holmes et al., the NDFs are classified as
either a or f§ polypeptides based on the sequences of the
EGF-like domains. Isoforms 1 to 4 are characterized on the
basis of the region between the EGF-like domain and trans-
membrane domain. Also, isoforms a, b and ¢ are described
which have variable length cytoplasmic domains. These
researchers conclude that different NDF isoforms are gener-
ated by alternative splicing and perform distinct tissue-spe-
cific functions. See also EP 505 148; WO 93/22424; and WO
94/28133 concerning NDF.

Falls et al. (1993) Cell 72:801-815 describe another mem-
ber of the heregulin family which they call acetylcholine
receptor inducing activity (ARIA) polypeptide. The chicken-
derived ARIA polypeptide stimulates synthesis of muscle
acetylcholine receptors. See also WO 94/08007. ARIA is a
p-type heregulin and lacks the entire spacer region rich in
glycosylation sites between the Ig-like domain and EGF-like
domain of HRGa,, and HRGf1-p3.
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Marchionni et al. identified several bovine-derived pro-
teins which they call glial growth factors (GGFs) (Marchio-
nni et al. (1993) Nature 362:312-318). These GGF's share the
Ig-like domain and EGF-like domain with the other heregulin
proteins described above, but also have an amino-terminal
kringle domain. GGFs generally do not have the complete
glycosylated spacer region between the Ig-like domain and
EGF-like domain. Only one of the GGFs, GGFIL, possessed a
N-terminal signal peptide. See also WO 92/18627; WO
94/00140; WO 94/04560; WO 94/26298; and WO 95/32724
which refer to GGFs and uses thereof.

Ho et al. in (1995) J. Biol. Chem. 270(4):14523-14532
describe another member of the heregulin family called sen-
sory and motor neuron-derived factor (SMDF). This protein
has an EGF-like domain characteristic of all other heregulin
polypeptides but a distinct N-terminal domain. The major
structural difference between SMDF and the other heregulin
polypeptides is the lack in SMDF of the Ig-like domain and
the “glyco” spacer characteristic of all the other heregulin
polypeptides. Another feature of SMDF is the presence of two
stretches of hydrophobic amino acids near the N-terminus.

While the heregulin polypeptides were first identified
based on their ability to activate the HER2 receptor (see
Holmes et al., supra), it was discovered that certain ovarian
cells expressing neu and neu-transfected fibroblasts did not
bind or crosslink to NDF, nor did they respond to NDF to
undergo tyrosine phosphorylation (Peles et al. (1993) EMBO
J. 12:961-971). This indicated that another cellular compo-
nent w as necessary for conferring full heregulin responsive-
ness. Carraway et al. subsequently demonstrated that **°I-
rHRGf1,,7 54, bound to NIH-3T3 fibroblasts stably
transfected with bovine erbB3 but not to non-transfected
parental cells. Accordingly, they conclude that ErbB3 is a
receptor for HRG and mediates phosphorylation of intrinsic
tyrosine residues as well as phosphorylation of ErbB2 recep-
tor in cells which express both receptors. Caraway et al.
(1994) 1. Biol. Chem. 269(19):14303-14306. Sliwkowski et
al. (1994) J. Biol. Chem. 269(20):14661-14665 found that
cells transfected with HER3 alone show low affinities for
heregulin, whereas cells transfected with both HER2 and
HER3 show higher affinities.

This observation correlates with the “receptor cross-talk-
ing” described previously by Kokai et al., Cell 58:287-292
(1989); Stern et al. (1988) EMBO J. 7:995-1001; and King et
al., 4:13-18 (1989). These researchers found that binding of
EGF to the EGFR resulted in activation of the EGFR kinase
domain and cross-phosphorylation of pl1857%%2, This is
believed to be a result of ligand-induced receptor het-
erodimerization and the concomitant cross-phosphorylation
of the receptors within the heterodimer (Wada et al. (1990)
Cell 61:1339-1347).

Plowman and his colleagues have similarly studied
p1857ER4p185HER2 activation. They expressed pl8575%2
alone, p,4s“Z%* alone, or the two receptors together in human
T lymphocytes and demonstrated that heregulin is capable of
stimulating tyrosine phosphorylation of p185%%%4, but could
only stimulate p,os">%* phosphorylation in cells expressing
both receptors. Plowman et al., Nature 336:473-475 (1993).
Thus, heregulin is the only known example of a member of
the EGF growth factor family that can interact with several
receptors. Carraway and Cantley (1994) Cel/ 78:5-8.

The biological role of heregulin has been investigated by
several groups. For example, Falls et al., (discussed above)
found that ARIA plays a role in myotube differentiation,
namely affecting the synthesis and concentration of neu-
rotransmitter receptors in the postsynaptic muscle cells of
motor neurons. Corfas and Fischbach demonstrated that
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ARIA also increases the number of sodium channels in chick
muscle. Corfas and Fischbach (1993) J. Neuroscience 13(5):
2118-2125. It has also been shown that GGFII is mitogenic
for subconfluent quiescent human myoblasts and that difter-
entiation of clonal human myoblasts in the continuous pres-
ence of GGFII results in greater numbers of myotubes after
six days of differentiation (Sklar et al. (1994) J. Cell Bio-
chem., Abst. W462, 18D, 540). See also WO 94/26298 pub-
lished Nov. 24, 1994.

Holmes et al., supra, found that HRG exerted a mitogenic
effect on mammary cell lines (such as SK-BR-3 and MCF-7).
The mitogenic activity of GGFs on Schwann cells has also
been reported. See, e.g., Brockes et al. (1980) J. Biol. Chem.
255(18):8374-8377; Lenike and Brockes (1984) J. Neurosci.
4:75-83; Brockes et al. (1984) J. Neuroscience 4(1):75-83;
Brockesetal. (1986) Ann. Neurol. 20(3):317-322; Brockes, J.
(1987) Methods in Enzym. 147:217-225 and Marchionni et
al., supra. Schwann cells constitute important glial cells
which provide myelin sheathing around the axons of neurons,
thereby forming individual nerve fibers. Thus, it is apparent
that Schwann cells play an important role in the development,
function and regeneration of peripheral nerves. The implica-
tions of this from a therapeutic standpoint have been
addressed by Levi et al. (1994) J. Neuroscience 14(3):1309-
1319. Levi et al. discuss the potential for construction of a
cellular prosthesis comprising human Schwann cells which
could be transplanted into areas of damaged spinal cord.
Methods for culturing Schwann cells ex vivo have been
described. See WO 94/00140 and Li et al. (1996) J. Neuro-
science 16(6):2012-2019.

Pinkas-Kramarski et al. found that NDF seems to be
expressed in neurons and glial cells in embryonic and adult rat
brain and primary cultures of rat brain cells, and suggested
that it may act as a survival and maturation factor for astro-
cytes (Pinkas-Kramarski et al. (1994) PNAS, USA 91:9387-
9391). Meyer and Birchmeier (1994) PNAS, USA 91:1064-
1068 analyzed expression of heregulin during mouse
embryogenesis and in the perinatal animal using in situ
hybridization and RNase protection experiments. These
authors conclude that, based on expression of this molecule,
heregulin plays a role in vivo as a mesenchymal and neuronal
factor. Also, their findings imply that heregulin functions in
the development of epithelia. Similarly, Danilenko et al.
(1994) Abstract 3101, FASEB 8(4-5):A535, found that the
interaction of NDF and the HER2 receptor is important in
directing epidermal migration and differentiation during
wound repair.

Although NRG1 was initially proposed to be the ligand for
the receptor tyrosine kinase ErbB2, further studies have dem-
onstrated that activation of ErbB2 frequently occurred as a
result of NRG1 binding to ErbB3 (Sliwkowski, M. X., et al.
(1994) 1. Biol. Chem. 269:14661-14665) or ErbB4 (Plow-
man, G. D. et al. (1993) Nature 366:473-475; and Carraway,
K.L.and Cantley, L. C. (1994) Cell 78:5-8) receptors. Recent
studies have begun to highlight the roles of NRG1, ErbB2
receptor and ErbB4 receptor in the development of the heart.
Mice lacking ErbB4 receptor, ErbB2 receptor or NRG1 die
during mid-embryogenesis (embryonic day 10.5) from the
aborted development of myocardial trabeculae in the ven-
tricle (Meyer & Birchmeier (1995) Nature 378:386-90; Gas-
smann et al. (1995) Nature 378:390-4; and Lee et al. (1995)
Nature 378:394-8). These results are consistent with the view
that NRG1, expressed in the endocardium, is an important
ligand required for the activation of ErbB2 and ErbB4 recep-
tors in the myocardium.

These same studies suggest that NRG1 and ErbB2 receptor
may play a different role than ErbB4 receptor in the develop-
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ment of the hind brain. NRG1 is expressed in the neuroepi-
thelium and cells arising from rhombomeres 2, 4 and 6, while
ErbB4 receptor is expressed in rhombomeres 3 and 5. NRG1
and ErbB2 receptor knockout mice exhibit a loss of cells and
axons of the cranial sensory ganglia. In contrast, ErbB4
receptor deficient mice do not exhibit a loss of cellularity in
the cranial ganglia. Rather, the organization, spacing and
pattern of innervation of these ganglia to and from the central
nervous system is disrupted (Gassmann et al., supra). One
possible reason for this difference in hindbrain phenotypes of
NRGT1 and ErbB4 receptor knockout mice is that additional
ligand(s) distinct from NRG1 may be recognized by ErbB4 in
the CNS (Gassmann et al., supra).

SUMMARY OF THE INVENTION

The present invention is based on the identification, recom-
binant production and characterization of a novel member of
the family of neuregulins (NRG1). More specifically, the
invention concerns a novel polypeptide, NRG3, comprising
an EGF-like domain distinct from EGF-like domains of
NRG1 and NRG2. In addition, the NRG3 disclosed herein
displays distinct receptor binding characteristics relative to
other neuregulin-like polypeptides.

In analyzing the homologous sequence motif, homology to
the EGF-like domain of NRG1 was observed in the subset of
amino acids that are conserved in most neuregulins. Based
upon this observation and the observed ErbB4 receptor bind-
ing characteristics, the novel protein, NRG3, has been iden-
tified as a new member of the family of neuregulins. The
novel protein contains domains that are distantly related to,
but distinct from, those found in the other members of the
NRG]1 family. In addition, it is expressed primarily in embry-
onic and adult tissues of the central nervous system. NRG3
represents a novel member of the neuregulin family of com-
pounds, members of which are involved in cell proliferation
and differentiation, epithelial development, cardiac develop-
ment, neurological development, as well as acting as glial cell
mitogens, and as mesenchymal and neuronal factors.

In one aspect, the present invention concerns a novel iso-
lated mammalian NRG3 polypeptide having an EGF-like
domain, and functional derivatives of the novel NRG3, which
polypeptides bind the ErbB4 receptor. The native polypep-
tides within the scope of the present invention are character-
ized as containing an extracellular domain including an EGF-
like domain, a transmembrane domain and a cytoplasmic
domain. The present invention specifically includes the
soluble forms of the novel NRG3 ligand molecules of the
invention, which have a transmembrane domain that cannot
associate with a cell membrane, and optionally devoid of all
or part of the cytoplasmic domain. By “transmembrane
domain” is meant a domain of the polypeptide that contains a
sufficient number of hydrophobic amino acids to allow the
polypeptide to insert and anchor in a cell membrane. By
“transmembrane domain that cannot associate with a cell
membrane” is meant a transmembrane domain that has been
altered by mutation or deletion such that is insufficiently
hydrophobic to allow insertion or other association with a cell
membrane. Such a transmembrane domain does not preclude,
for example, the fusion of the NRG3 of the invention, or
fragment thereof, with a secretion signal sequence useful for
secretion of the polypeptide from the cell, an insufficient
number of hydrophobic amino acid side chains are present
devoid of an active transmembrane domain does not insert
into a cell membrane. Mutations or alterations of the amino
acid sequence useful to achieve an inactive transmembrane
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domain include, but are not limited to, deletion or substitution
of amino acids within the transmembrane domain.

In a particular embodiment, the invention concerns iso-
lated polypeptides, preferably NRG3 ligands, having at least
75% amino acid identity to polypeptides selected from the
group consisting of

(1) a polypeptide comprising the amino acid sequence
encoding the EGF-like domain shown in FIG. 3 (SEQ ID
NO:4);

(2) a polypeptide comprising the amino acid sequence
encoding the extracellular domain of mouse or human NRG3
shown in FIG. 3 (SEQ ID NO: 3 or SEQ ID NO:7, respec-
tively);

(3) a polypeptide comprising the amino acid sequence of
the native mouse or human NRG3 polypeptide shown in FI1G.
3 (SEQ ID NO: 2 and SEQ ID NO:6, respectfully);

(4) a further mammalian homologue of polypeptide (1)-
3
(5) a soluble form of any of the polypeptides (1)-(4) devoid
of an active transmembrane domain; and

(6) aderivative of any of the polypeptides (1)-(5), retaining
the qualitative EGF-like domain and NRG3 receptor binding
properties of a polypeptide (1)-(5).

While the native NRG3 polypeptides of the present inven-
tion are glycoproteins, the present invention also encom-
passes variant molecules unaccompanied by native glycosy-
lation or having a variant glycosylation pattern. Preferably,
the EGF-like domain of the NRG3 polypeptide is unglycosy-
lated.

In a further embodiment, the invention includes an antago-
nist of a novel NRG3 of the present invention. The antagonist
of'the invention may be a peptide that binds an NRG3 such as
an anti-NRG3 antibody or binding fragment thereof. Prefer-
ably, the NRG3 antagonist of the invention substantially
reduces binding of a natural ErbB4 receptor ligand, such as an
NRG3, to the ErbB4 receptor, thereby preventing or limiting
activation of the receptor. In a preferred embodiment, the
antagonist reduces NRG3 binding to its receptor to less than
50%, preferably less than 20%, most preferably less than 10%
of the binding of an NRG3 under like conditions.

In yet another embodiment, the invention includes an ago-
nist of'a novel NRG3 of the present invention. The agonist of
the invention may be a NRG3, or it may be an anti-NRG3
receptor antibody or receptor binding fragment. An agonist
NRG3 of the invention may also be an polypeptide encoded
by an alternatively spliced form of the native NRG3-encoding
gene, preferably comprising the NRG3 EGF-like domain dis-
closed herein. In an embodiment of the agonist of the inven-
tion, the NRG3 agonist is an anti-ErbB4 receptor antibody,
which antibody binds to and activates the ErbB4 receptor.
Preferably, the binding affinity of the agonist is at least 25% of
the affinity of the native ligand, more preferably at least 50%,
and most preferably at least 90% of the affinity of the native
ligand. Similarly, it is preferred that the agonist of the inven-
tion activate the ErbB4 receptor at the level of at least 25%,
more preferably at least 50%, most preferably at least 90% of
activation of the native NRG3.

The invention further concerns a nucleic acid molecule
encoding a novel NRG3ofthe present invention, vectors con-
taining such nucleic acid, and host cells transformed with the
vectors. The nucleic acid preferably encodes at least the EGF-
like domain of a native or variant ErbB4 receptor-specific
NRG3 of the present invention. The invention further
includes nucleic acids hybridizing under stringent conditions
to the complement of a nucleic acid encoding a native ErbB4
receptor-specific NRG3 of the present invention, and encod-
ing a protein retaining the qualitative ErbB4 receptor-specific
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binding properties of a native NRG3 disclosed herein. In
addition, the invention includes a nucleic acid deposited with
the American Type Culture Collection as ATCC deposit
209156 (pLXSN.mNRG?3), which nucleic acid is an expres-
sion vector comprising nucleic acid encoding the mouse
NRG3 open reading frame (SEQ ID NO:1). The invention
also includes anucleic acid deposited with the American Type
Culture  Collection as ATCC  deposit 209157
(pRKS5 tk.neo hNRG3B1), which nucleic acid is an expres-
sion vector comprising nucleic acid encoding a human NRG3
nucleic acid (SEQ ID NO:5). The invention also includes a
nucleic acid deposited with the American Type Culture Col-
lection as ATCC deposit 209297 (pRKS.tk.neo. hNRG3B2),
which nucleic acid is an expression vector comprising nucleic
acid encoding an alternatively spliced form of human NRG3
nucleic acid (SEQ ID NO:22) lacking nucleic acids 1585 to
1656 of SEQ ID NO:5. The deduced amino acid sequence of
the alternatively spliced human NRG3B2 is found in SEQ ID
NO:23 which lacks amino acids 529 to 552 of SEQ ID NO:6.
A comparison of the hNRG3Bland hNRG3B2 amino acid
sequences is shown in FIG. 4B. The invention further
includes NRG3 amino acid sequences of mouse and human
NRG3, alternatively spliced forms or fragments thereof,
encoded by the deposited expression vectors.

In another aspect, the invention concerns a process for
producing a NRG3 of the invention, which process comprises
transforming a host cell with nucleic acid encoding the
desired NRG3, culturing the transformed host cell and recov-
ering the NRG3 produced from the host cell or host cell
culture.

As an alternative to production of the NRG3 in a trans-
formed host cell, the invention provides a method for produc-
ing NRG3 comprising: (a) transforming a cell containing an
endogenous NRG3 gene with a homologous DNA compris-
ing an amplifiable gene and a flanking sequence of at least
about 150 base pairs that is homologous with a DNA
sequence within or in proximity to the endogenous NRG3
gene, whereby the homologous DNA integrates into the cell
genome by recombination; (b) culturing the cell under con-
ditions that select for amplification of the amplifiable gene,
whereby the NRG3 gene is also amplified; and thereafter (c)
recovering NRG3 from the cell.

In a further aspect, the invention concerns an antibody that
binds specifically to a NRG3 of the present invention, and to
a hybridoma cell line producing such an antibody.

In a still further aspect, the invention concerns an immu-
noadhesin comprising a novel NRG3 sequence, as disclosed
herein, fused to an immunoglobulin sequence. The NRG3
sequence is preferably a transmembrane-domain-deleted
form of a native or variant polypeptide fused to an immuno-
globulin constant domain sequence, and comprises at least
the EGF-like domain of the extracellular domain of a native
NRG3 of the present invention. In another preferred embodi-
ment, the NRG3 sequence present in the immunoadhesin
shows at least about 80% sequence homology with the extra-
cellular domain of the sequence shown in SEQ ID NO:3
NRG3 or SEQ ID NO:7 for mouse or human NRG3, respec-
tively. The immunoglobulin constant domain sequence pref-
erably is that of an IgG-1, IgG-2 or IgG-3 molecule, but may
also be an IgA or IgM molecule.

In a further aspect, the invention encompasses a transgenic
animal comprising an altered NRG3 gene in which the
polypeptide encoded by the altered gene is not biologically
active (non-functional), deleted, or has no more than 70%
wild type activity, preferably no more that 50% activity and
more preferably no more than 25% activity of the native
NRG3 polypeptide. In addition, a transgenic animal of the
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invention includes a transgenic animal comprising and
expressing a native NRG3, alternatively spliced form of
NRG3, or a fragment or variant thereof. Such transgenic
animals are useful for the screening of potential NRG3 ago-
nists and antagonists.

The invention further concerns pharmaceutical composi-
tions comprising a NRG3 as hereinabove defined in admix-
ture with a pharmaceutically acceptable carrier. Dosages and
administration of NRG3 in a pharmaceutical composition
may be determined by one of ordinary skill in the art of
clinical pharmacology or pharmacokinetics (see, for
example, Mordenti, J. and Rescigno, A. (1992) Pharmaceu-
tical Research 9:17-25; Morenti, J. et al. (1991) Pharmaceu-
tical Research 8:1351-1359; and Mordenti, J. and Chappell,
W. (1989) “The use of interspecies scaling in toxicokinetics”
in Toxicokinetics and New Drug Development, Yacobi et al.
(eds), Pergamon Press, NY, pp. 42-96, each of which refer-
ences are herein incorporated by reference in its entirety).

In an aspect of the invention, the isolated nucleic acid
encoding the NRG3 of the invention, or fragment thereof,
may also be used for in vivo or ex vivo gene therapy.

In an embodiment of the invention, a nucleic acid sequence
encoding an NRG3, or fragment or variant thereof, is intro-
duced into a cell of an animal as part of an expression cassette
such that the NRG3-encoding nucleic acid sequence is
expressed in the cell. Preferably, the NRG3 encoding nucleic
acid sequence comprises sequences (such as a promotor
sequence) for the control of NRG3 expression within the cell.
Preferably, the expression cassette comprises a retroviral vec-
tor for delivery of the nucleic acid sequence to a cell of the
animal.

In a further embodiment of the invention, a host cell
expressing an NRG3 or NRG3 agonist is introduced into an
animal, preferably a human, such that NRG3 or NRG3 ago-
nist produced by the host cell is effective in treating a disorder
responsive to increased local or systemic NRG3 administra-
tion. Cells genetically engineered to express an NRG3, frag-
ment or variant thereof, can be implanted in the host to pro-
vide effective levels of factor or factors. The cells can be
prepared, encapsulated, and implanted as provided in U.S.
Pat. Nos. 4,892,538, and 5,011,472, WO 92/19195, WO
95/05452, or Aeischer et al. (1996) Nature 2:696-699, for
example, which references are herein incorporated by refer-
ence in their entirety.

The present invention includes methods of enhancing sur-
vival, proliferation or differentiation of cells comprising the
ErbB4 receptor in vivo and in vitro. Normally, the cells will be
treated with the NRG3 polypeptide or fragment or variant
thereof. However, gene therapy approaches have been
described in the art and are encompassed by the present
invention. These techniques include gene delivery to a cell
using adenovirus, herpes simplex I virus or adeno-associated
virus as well as lipid-based delivery systems (e.g. liposomes).
Retroviruses are useful for ex vivo gene therapy approaches.
Accordingly, it is possible to administer the nucleic acid
encoding NRG3, resulting in expression of the NRG3
polypeptide, fragment or variant in the patient or in tissue
culture. For exemplary gene therapy techniques see WO
93/25673 and the references cited therein.

An aspect of the invention is a method of treating a disorder
by administering to a mammal a cell encoding an NRG3 or
fragment thereof, or agonist or antagonist of the NRG3 as
necessary to treat the disorder, which cell secretes the NRG3
ofthe invention. An embodiment of the invention is a method
for preventing or treating damage to a nerve or damage to
other NRG3-expressing or NRG3-responsive cells, e.g.
brain, heart, or kidney cells, which method comprises
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implanting cells that secrete NRG3, or fragment or agonist
thereof, or antagonist as may be required for the particular
condition, into the body of patients in need thereof.

A further embodiment of the invention includes an implan-
tation device, for preventing or treating nerve damage or
damage to other cells as taught herein, containing a semiper-
meable membrane and a cell that secretes NRG3, or fragment
or agonist thereof, (or antagonist as may be required for the
particular condition) encapsulated within the membrane, the
membrane being permeable to NRG3, or fragment agonist
thereof, and impermeable to factors from the patient detri-
mental to the cells. The patient’s own cells, transformed to
produce NRG3 ex vivo, could be implanted directly into the
patient, optionally without such encapsulation. The method-
ology for the membrane encapsulation of living cells is famil-
iar to those of ordinary skill in the art, and the preparation of
the encapsulated cells and their implantation in patients may
be accomplished readily as is known in the art.

In accordance with the in vitro methods of the invention,
cells comprising the ErbB4 receptor are placed in a cell cul-
ture medium. Examples of ErbB4-receptor-containing cells
include neural cells, e.g., brain cells (such as neurons of the
neocortex, cerebellum and hippocampus); cardiac cells; skel-
etal and smooth muscle cells; and cultured cells transformed
with a recombinant NRG3.

Suitable tissue culture media are well known to persons
skilled in the art and include, but are not limited to, Minimal
Essential Medium (MEM), RPMI-1640, and Dulbecco’s
Modified Eagle’s Medium (DMEM). These tissue culture
medias are commercially available from Sigma Chemical
Company (St. Louis, Mo.) and GIBCO (Grand Island, N.Y.).
The cells are then cultured in the cell culture medium under
conditions sufficient for the cells to remain viable and grow in
the presence of an effective amount of NRG3. The cells can be
cultured in a variety of ways, including culturing in a clot,
agar, or liquid culture.

The cells are cultured at a physiologically acceptable tem-
perature such as 37° C., for example, in the presence of an
effective amount of NRG3, fragment or variant. The amount
of NRG3 may vary, but preferably is in the range of about 0.1
ng/ml to about 1 mg/ml preferably about 0.1 ng/ml to about
0.1 ng/ml. The NRG3 can of course be added to the culture at
a dose determined empirically by those in the art without
undue experimentation. The concentration of NRG3 in the
culture will depend on various factors, such as the conditions
under which the cells and NRG3 are cultured. The specific
temperature and duration of incubation, as well as other cul-
ture conditions, can be varied depending on such factors as,
e.g., the concentration of the NRG3, and the type of cells and
medium. Those skilled in the art will be able to determine
operative and optimal culture conditions without undue
experimentation. Proliferation, differentiation and/or sur-
vival of the cells (e.g. neurons) in the cultures can be deter-
mined by various assays known in the art such as those
described above.

It is contemplated that using NRG3 to enhance cell sur-
vival, growth and/or differentiation in vitro will be useful in a
variety of ways. For instance, neural cells cultured in vitro in
the presence of NRG3 can be infused into a mammal suffer-
ing from reduced levels of the cells. Stable in vitro cultures
can also be used for isolating cell-specific factors and for
expression of endogenous or recombinantly introduced pro-
teins in the cell. NRG3, fragments or variants thereof may
also be used to enhance cell survival, proliferation and/or
differentiation of cells which support the growth and/or dif-
ferentiation of other cells in cell culture.
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The invention also provides in vivo uses for NRG3. Based
onthe neuronal cell expression pattern of NRG3, it is believed
that this molecule will be particularly useful for treating dis-
eases which involve neural cell growth such as demyelina-
tion, or damage or loss of glial cells (e.g. multiple sclerosis).

The invention further provides a method for treating a
mammal comprising administering a therapeutically effec-
tive amount of NRG3, NRG3 fragment, or NRG3 agonist to
the mammal. For example, the mammal may be suffering
from a neurological or muscular disorder. Where the disorder
is a neurological disorder, NRG3 is believed to be useful in
promoting the development, maintenance, and/or regenera-
tion of neurons in vivo, including central (brain and spinal
chord), peripheral (sympathetic, parasympathetic, sensory,
and enteric neurons), and motoneurons. Accordingly, NRG3
may be utilized in methods for the diagnosis and/or treatment
of a variety of neurologic diseases or disorders which affect
the nervous system of a mammal, such as a human.

Such diseases or disorders may arise in a patient in whom
the nervous system has been damaged by, e.g., trauma, sur-
gery, stroke, ischemia, infection, metabolic disease, nutri-
tional deficiency, malignancy, or toxic agents. The agent is
designed to promote the survival or growth of neurons. For
example, NRG3 can be used to promote the survival or
growth of motoneurons that are damaged by trauma or sur-
gery. Also, NRG3 can be used to treat motoneuron disorders,
such as amyotrophic lateral sclerosis (Lou Gehrig’s disease),
Bell’s palsy, and various conditions involving spinal muscu-
lar atrophy, or paralysis. NRG3 can be used to treat human
“neurodegenerative disorders”, such as Alzheimer’s disease,
Parkinson’s disease, epilepsy, multiple sclerosis, Hunting-
ton’s chorea, Down’s Syndrome, nerve deafness, and
Meniere’s disease.

Further, NRG3 can be used to treat neuropathy, and espe-
cially peripheral neuropathy. “Peripheral neuropathy” refers
to a disorder affecting the peripheral nervous system, most
often manifested as one or a combination of motor, sensory,
sensorimotor, or autonomic neural dysfunction. The wide
variety of morphologies exhibited by peripheral neuropathies
can each be attributed uniquely to an equally wide number of
causes. For example, peripheral neuropathies can be geneti-
cally acquired, can result from a systemic disease, or can be
induced by a toxic agent. Examples include but are not limited
to distal sensorimotor neuropathy, or autonomic neuropathies
such as reduced motility of the gastrointestinal tract or atony
of the urinary bladder. Examples of neuropathies associated
with systemic disease include post-polio syndrome;
examples of hereditary neuropathies include Charcot-Marie-
Tooth disease, Refsum’s disease, Abetalipoproteinemia,
Tangier disease, Krabbe’s disease, Metachromatic leukodys-
trophy, Fabry’s disease, and Dejerine-Sottas syndrome; and
examples of neuropathies caused by a toxic agent include
those caused by treatment with a chemotherapeutic agent
such as vincristine, cisplatin, methotrexate, or 3'-azido-3'-
deoxythymidine.

The invention further provides a method for treating a
mammal comprising administering a therapeutically effec-
tive amount of a NRG3 antagonist to the mammal. The mam-
mal in this latter case is one which could benefit from a
reduction in NRG3 levels/biological activity.

These and other objects, advantages and features of the
present invention will become apparent to those persons
skilled in the art upon reading the details of the structure,
synthesis, and usage as more fully set forth below. Each
reference cited herein is herein incorporated by reference in
its entirety with particular attention to the description of sub-
ject matter associated with the context of the citation.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the nucleic acid coding sequence of mouse
NRG3 ¢DNA (mNRG3, SEQ ID NO:1) in which the start
(ATG) and stop (TGA) codons of the coding sequence are
indicated by underlining.

FIG. 2 shows the nucleic acid coding sequence of human
NRG3 ¢cDNA (WNRG3B1, SEQ ID NO:5) in which the start
(ATG) and stop (TGA) codons of the coding sequence are
indicated by underlining.

FIG. 3 shows the nucleic acid coding sequence of an alter-
natively spliced form of human NRG3 ¢cDNA (hNRG3B2;
SEQ ID NO:22) in which the start (ATG) and stop (TGA)
codons of the coding sequence are indicated by underlining.

FIGS. 4A-4B. FIG. 4A shows the deduced amino acid
sequences from mouse (mMNRG3) and human (hNRG3B1)
c¢DNA as shown in FIGS. 1 and 2. Mouse NRG3 deduced
amino acid sequence is depicted by SEQ ID NO:2 and human
NRG3B1 deduced amino acid sequence is depicted by SEQ
ID NO:6. Various putative domains within the amino acid
sequences are shown. The EGF-like domain, the N-terminal
hydrophobic segment (double underline), the serine/threo-
nine-rich portion, and a predicted transmembrane domain
(single underline) are highlighted. FIG. 4B shows the
deduced amino acid sequences from hNRG3B1 and
hNRG3B2 cDNA as shown in FIGS. 2 and 3. Human NRGB1
deduced amino acid sequence is depicted by SEQ ID NO:6
and human NRG3B2 deduced amino acid sequence is
depicted by SEQ ID NO:23. The region of the NRG3 amino
acid sequence that differs between the two human sequences
is illustrated.

FIG. 5 shows a sequence alignment of the EGF-like
domains of human NRG3B1 (hNRG3.egf; SEQ ID NO:4);
chicken ARIA (cARIA.egf; SEQ ID NO:9); human amphi-
regulin (hAR .egf; SEQ ID NO:10); human betacellulin (hBT-
C.egf; SEQ ID NO:11); human EGF (hEGF.egf; SEQ ID
NO:12); human heparin-binding EGF-like growth factor
(hHB-EGF.egf; SEQ ID NO:13); human heregulin-a
(hHRGa; SEQ ID NO:14); human heregulin-f (hHRGf.egf;
SEQ ID NO:15); human TGF-a (WTGFa.egf; SEQ ID
NO:16); and mouse epiregulin (mEPR.egf; SEQ ID NO:17).
The sequences were analyzed using Sequence Analysis Pro-
grams, Genentech, Inc.

FIG. 6A-6H are FACS plots demonstrating binding of
NRG3% %" Fc to ErbB4 receptor expressed on the surface of
cells. In FIGS. 6 A-6D, parental K562 cells (FIG. 6A) or K562
cells expressing either ErbB2 receptor (K562°752 cells; FIG.
6B), ErbB3 receptor (K562°7%%* cells; FIG. 6C) or ErbB4
receptor (K56297°%* cells; FIG. 6D) were examined for the
expression of corresponding receptors. Cells were incubated
with anti-ErbB2 receptor, anti-ErbB3 receptor or anti-ErbB4
receptor antibodies as indicated before PE-conjugated sec-
ondary antibody was added. “LOG PE” represents relative
fluorescent intensity and “Counts” represents cell numbers.
In FIGS. 6E-6H, NRG3%% Fc is shown by FACS analysis to
bind to ErbB4 receptor expressing cells. Parental K562 cells
(FIG. 6E), K562°%2 cells (FIG. 6F), K562°%%3 cells (FIG.
6G) and K562°7%%* cells (FIG. 6H) were incubated with or
without NRG3%“* Fc (containing gD tag) for 1 hour, fol-
lowed by anti-gD-tag primary antibody and PE-conjugated
secondary antibody.

FIG. 7 is a graphical analysis showing competitive inhibi-
tion of '*’I-NRG3%“* F¢ binding to immobilized soluble
ErbB4 receptor by NRG3% Fc or NRGZZ. Soluble ErbB4
receptor was immobilized on 96-well plates, and was incu-
bated with various concentrations of unlabeled NRG3%“* Fc
or NRGF®" and constant amount of '**I-labeled
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NRG3Z%F Fc for 1.5 hour at room temperature. The fraction
of radioactivity bound over total ***I-NRG3%% Fc¢ input is
plotted against the concentration of competitor. Data of a
representative experiment from four independent assays is
shown. Error bars indicate standard deviation of quadrupli-
cate samples.

Before the present polypeptides, nucleic acids, vectors, and
host cells and processes for making such are described, it is to
be understood that this invention is not limited to the particu-
lar compositions of matter and processes described, as such
compounds and methods may, of course, vary. It is also to be
understood that the terminology used herein is for the purpose
of describing particular embodiments only, and is not
intended to be limiting since the scope of the present inven-
tion will be limited only by the appended claims.

DESCRIPTION OF THE EMBODIMENTS
Definitions

The phrases “novel neuregulin related ligand”, “novel
NRG3”, “novel ErbB4 receptor-specific NRG3” are used
interchangeably and refer to a new member of the family of
neuregulins, which NRG3 is expressed specifically in the
brain and nervous system of the embryo and adults, and to
functional derivatives of such native polypeptides.

The term “NRG3” or “neuregulin related ligand” is defined
herein to be any polypeptide sequence that possesses at least
one biological property (as defined below) of native amino
acid sequence NRG3 of SEQ ID NO:2 or 6 (mouse or human,
respectively) and additionally includes an alternatively
spliced form of human NRG3 having the amino acid
sequence of SEQ ID NO:23. This definition encompasses not
only the polypeptide isolated from a native NRG3 source
such as human MDA-MB-175 cells or from another source,
such as another animal species or alternatively spliced forms
of NRG3, but also the polypeptide prepared by recombinant
or synthetic methods. It also includes variant forms including
functional derivatives, allelic variants, naturally occurring
isoforms and analogues thereof. Sometimes the NRG3 is
“native NRG3” which refers to endogenous NRG3 polypep-
tide which has been isolated from a mammal. The NRG3 can
also be “native sequence NRG3” insofar as it has the same
amino acid sequence as a native NRG3 (e.g. mouse (SEQ ID
NO:2) or human (SEQ ID NO:6 or SEQ ID NO:23) NRG3
shown in FIGS. 4A and 4B). However, “native sequence
NRG3” encompasses the polypeptide produced by recombi-
nant or synthetic means. “Mature NRG3” is soluble or
secreted NRG3 released from the cell (i.e. lacking an N-ter-
minal hydrophobic sequence). In this context, NRG3 refers to
novel NRG3s comprising an EGF-like domain within an
extracellular domain, a transmembrane domain and a cyto-
plasmic domain, with or without a native signal sequence, and
naturally occurring soluble forms of such NRG3s, with or
without the initiating methionine, whether purified from
native source, synthesized, produced by recombinant DNA
technology or by any combination of these and/or other meth-
ods. The native NRG3s of the present invention specifically
include the murine NRG3, the amino acid sequence of which
is shown in FIG. 4 (SEQ. ID. NO:2), and the human NRG3s
having the amino acid sequences shown in FIG. 4 (SEQ. ID.
NO:6 or SEQ ID NO:23), and fragments or mammalian
homologues or alternatively spliced forms of these native
ligands. The novel native murine and human NRG3s of the
present invention are about 713 and 720 amino acids in
length, respectively, and comprise an EGF-like domain, the
N-terminal hydrophobic segment, the serine/threonine-rich
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portion, a predicted transmembrane domain, and a predicted
intracellular domain. The boundaries of these domain are
indicated in FIG. 4 for the novel murine and human NRG3
sequences.

Optionally, the NRG3 is not associated with native glyco-
sylation. “Native glycosylation” refers to the carbohydrate
moieties which are covalently attached to native NRG3 when
it is produced in the mammalian cell from which the native
NRG3 is derived. Accordingly, human NRG3 produced in a
non-human could be described as not being associated with
native glycosylation, for example it may be glycosylated
other than the native glycosylation. Sometimes, the NRG3 is
not associated with any glycosylation whatsoever (e.g. as a
result of being produced recombinantly in a prokaryote).

The term “EGF-like domain” refers to an extracellular
epidermal growth factor (EGF)-like domain of a polypeptide,
preferably a NRG3 polypeptide of the invention. The EGF-
like domain is sufficient to bind neuregulin receptors and
stimulate cellular responses (Holmes, W. E., et al. (1992)
Science 256:1205-1210). Preferably, an EGF-like domain of
the NRG3 of the invention has the amino acid sequence of the
NRG3s shown in SEQ ID NO:4 (mouse or human NRG3
EGF-like domain), where the EGF-like domain is from about
amino acid 284 to about amino acid 332 of human NRG?3, and
from about amino acid 286 to about amino acid 334 of mouse
NRG3. The NRG3 of the invention encompasses a polypep-
tide encoded by an alternatively spliced form the NRG3
encoding gene, which alternatively spliced form comprises
the NRG3 EGF-like domain.

The term “ErbB” when used herein refers to any one or
more of the manmnalian ErbB receptors (i.e. ErbB1 or epi-
dermal growth factor (EGF) receptor; ErbB2 or HER2 recep-
tor; ErbB3 or HER3 receptor; ErbB4 or HER4 receptor; and
any other member(s) of this class I tyrosine kinase family to
be identified in the future) and “erbB” refers to the mamma-
lian erbB genes encoding these receptors.

The terms “soluble form”, “soluble receptor”, “soluble
NRG3”, “soluble NRG3”, and grammatical variants thereof,
refer to variants of the native or variant NRG3s of the present
invention which are devoid of a functional transmembrane
domain. In the soluble receptors the transmembrane domain
may be deleted, truncated or otherwise inactivated such that
they are not capable of cell membrane anchorage. If desired,
such soluble forms of the NRG3s of the present invention
might additionally have their cytoplasmic domains fully or
partially deleted or otherwise inactivated.

A “functional derivative” of a polypeptide is a compound
having a qualitative biological activity in common with the
native polypeptide. Thus, a functional derivative of a native
novel NRG3 of the present invention is a compound that has
a qualitative biological activity in common with such native
NRG3. “Functional derivatives” include, but are not limited
to, fragments of native polypeptides from any animal species
(including humans), derivatives of native (human and non-
human) polypeptides and their fragments, and peptide and
non-peptide analogs of native polypeptides, provided that
they have a biological activity in common with a respective
native polypeptide.

As used herein, the term “fragments” refers to regions
within the sequence of a mature native polypeptide. Prefer-
ably NRG3 fragments will have a consecutive sequence of at
least 20, and more preferably at least 50, amino acid residues
of the EGF-like domain of NRG3. The preferred fragments
have about 30-150 amino acid residues which are identical to
a portion of the sequence of NRG3 in SEQ ID NO:2 (from
mouse), or in SEQ ID NO:6 or SEQ ID NO:23 (from human).
The term “derivative” is used to define amino acid sequence
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and glycosylation variants, and covalent modifications of a
native polypeptide. “Non-peptide analogs” are organic com-
pounds which display substantially the same surface as pep-
tide analogs of the native polypeptides. Thus, the non-peptide
analogs of the native novel NRG3s of the present invention
are organic compounds which display substantially the same
surface as peptide analogs of the native NRG3s. Such com-
pounds interact with other molecules in a similar fashion as
the peptide analogs, and mimic a biological activity of a
native NRG3 of'the present invention. Preferably, amino acid
sequence variants of the present invention retain at least one
domain of a native NRG3, preferably an EGF-like domain, or
have at least about 60% amino acid sequence identity, more
preferably at least about 75% amino acid sequence identity,
and most preferably at least about 90% amino acid sequence
identity with a domain of a native NRG3 of the present
invention. The amino acid sequence variants preferably show
the highest degree of amino acid sequence homology with the
EGF-like domain of native NRG3s of the present invention.
These are the domains which show the highest percentage
amino acid conservation between the novel NRG3s of the
present invention and other members of the NRG3 family (see
FIG. 4).

The terms “isolated” or “substantially pure” refer to a
polypeptide or nucleic acid which is free of other polypep-
tides or nucleic acids as well as lipids, carbohydrates or other
materials with which it is naturally associated. An exception
is made for glycosylation wherein sugar moieties are
covalently attached to amino acids of the NRG3 polypeptide
of the invention. One of ordinary skill in the art can purify a
NRG3 polypeptide or nucleic acid encoding the polypeptide
using standard techniques appropriate for each type of mol-
ecule.

The term “percent amino acid sequence identity” with
respect to the NRG3 sequence is defined herein as the per-
centage of amino acid residues in the candidate sequence that
are identical with the residues in the NRG3 sequence having
the deduced amino acid sequence described in FIG. 1, after
aligning the sequences and introducing gaps, if necessary, to
achieve the maximum percent sequence identity, and not
considering any conservative substitutions as part of the
sequence identity. N-terminal, C-terminal, or internal exten-
sions, deletions, or insertions into the NRG3 sequence shall
be construed as affecting sequence identity or homology.

Another type of NRG3 variant is “chimeric NRG3”, which
term encompasses a polypeptide comprising full-length
NRG3 or a fragment thereof fused or bonded to a heterolo-
gous polypeptide. The chimera will normally share at least
one biological property with NRG3. Examples of chimeric
NRG3s include immunoadhesins and epitope tagged NRG3.
In another embodiment, the heterologous polypeptide is
thioredoxin, a salvage receptor binding epitope, cytotoxic
polypeptide or enzyme (e.g., one which converts a prodrug to
an active drug).

The terms “covalent modification” and “covalent deriva-
tives” are used interchangeably and include, but are not lim-
ited to, modifications of a native polypeptide or a fragment
thereof with an organic proteinaceous or non-proteinaceous
derivatizing agent, fusions to heterologous polypeptide
sequences, and post-translational modifications. Covalent
modifications are traditionally introduced by reacting tar-
geted amino acid residues with an organic derivatizing agent
that is capable of reacting with selected sides or terminal
residues, or by harnessing mechanisms of post-translational
modifications that function in selected recombinant host
cells. Certain post-translational modifications are the result of
the action of recombinant host cells on the expressed
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polypeptide. Glutaminyl and asparaginyl residues are fre-
quently post-translationally deamidated to the corresponding
glutamyl and aspartyl residues. Alternatively, these residues
are deamidated under mildly acidic conditions. Other post-
translational modifications include hydroxylation of proline
and lysine, phosphorylation of hydroxyl groups of seryl,
tyrosyl or threonyl residues, methylation of the c-amino
groups of lysine, arginine, and histidine side chains (T. E.
Creighton (1983) Proteins: Structure and Molecular Proper-
ties, W.H. Freeman & Co., San Francisco, pp. 79-86). Cova-
lent derivatives/modifications specifically include fusion pro-
teins comprising native NRG3 sequences of the present
invention and their amino acid sequence variants, such as
immunoadhesins, and N-terminal fusions to heterologous
signal sequences.

The term “biological activity” in the context of the present
invention is defined as the possession of at least one adhesive,
regulatory or effector function qualitatively in common with
a native polypeptide. Preferred functional derivatives within
the scope of the present invention are unified by retaining an
EGF-like domain and ErbB4 receptor-specific binding of a
native NRG3 of the present invention.

The phrase “activating an ErbB receptor” refers to the act
of causing the intracellular lkinase domain of an ErbB recep-
tor to phosphorylate tyrosine residues. Generally, this will
involve binding of NRG3 to an ErbB4 receptor or ErbB4
receptor homodimer, which binding activates a kinase
domain of one or more of the receptors and thereby results in
phosphorylation of tyrosine residues in one or more of the
receptors, and/or phosphorylation of tyrosine residues in
additional substrate polypeptide(s). ErbB receptor phospho-
rylation can be quantified using the tyrosine phosphorylation
assays described below. It is understood that the NRG3 of the
invention may itself be activated by interaction with an ErbB
receptor via the intracellular domain of NRG3. Thus, an
NRG3-activating ligand that binds to the NRG3 (preferably
binding to the extracellular domain, more preferably the
EGF-like domain) includes, but is not limited to, a ligand, an
antibody, or a receptor. Activation of the NRG3 may be
through phosphorylation of the intracellular domain or other
like event common to receptor/ligand mediated cell signal-
ing. As a mediator of cell signaling, the NRG3 of the inven-
tion is expected to be associated with apoptosis, metabolic
signaling, differentiation or cell proliferation.

“Identity” or “homology” with respect to a native polypep-
tide and its functional derivative is defined herein as the
percentage of amino acid residues in the candidate sequence
that are identical with the residues of a corresponding native
polypeptide, after aligning the sequences and introducing
gaps, if necessary, to achieve the maximum percent homol-
ogy, and not considering any conservative substitutions as
part of the sequence identity. Neither N— or C-terminal
extensions nor insertions shall be construed as reducing iden-
tity or homology. Methods and computer programs for the
alignment are well known in the art. For example, the
sequences disclosed herein were analyzed using Sequence
Analysis Programs, Genentech, Inc, Inc.

The term “agonist™ is used to refer to peptide and non-
peptide analogs of the native NRG3s of the present invention
and to antibodies specifically binding such native NRG3s
provided that they retain at least one biological activity of a
native NRG3. Preferably, the agonists of the present invention
retain the qualitative EGF-like domain binding recognition
properties of the native NRG3 polypeptides.

The term “antagonist” is used to refer to a molecule inhib-
iting a biological activity of a native NRG3 of the present
invention. Preferably, the antagonists herein inhibit the bind-
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ing of a native NRG3 of the present invention. Preferred
antagonists essentially completely block the binding of a
native NRG3 to an ErbB4 receptor to which it otherwise
binds. A NRG3 “antagonist” is a molecule which prevents, or
interferes with, a NRG3 effector function (e.g. a molecule
which prevents or interferes with binding and/or activation of
an ErbB4 receptor by NRG3). Such molecules can be
screened for their ability to competitively inhibit ErbB recep-
tor activation by NRG3 in the tyrosine phosphorylation assay
disclosed herein, for example. Preferred antagonists are those
which do not substantially interfere with the interaction of
other heregulin polypeptides with ErbB receptor(s).
Examples of NRG3 antagonists include neutralizing antibod-
ies against NRG3 and antisense polynucleotides against the
NRG3 gene.

Ordinarily, the terms “amino acid” and “amino acids” refer
to all naturally occurring L-a-amino acids. In some embodi-
ments, however, D-amino acids may be present in the
polypeptides or peptides of the present invention in order to
facilitate conformational restriction. For example, in order to
facilitate disulfide bond formation and stability, a D amino
acid cysteine may be provided at one or both termini of a
peptide functional derivative or peptide antagonist of the
native NRG3s of the present invention. The amino acids are
identified by either the single-letter or three-letter designa-
tions:

Asp D aspartic acid Ile I isoleucine
Thr T threonine Leu L leucine

Ser S serine Tyr Y tyrosine

Glu E glutamic acid Phe F phenylalanine
Pro P proline His H histidine

Gly G glycine Lys K lysine

Ala A alanine Arg R arginine

Cys C cysteine Trp w tryptophan
Val \' valine Gln Q glutamine
Met M methionine Asn N asparagine

The term “amino acid sequence variant” refers to mol-
ecules with some differences in their amino acid sequences as
compared to a native amino acid sequence.

Substitutional variants are those that have at least one
amino acid residue in a native sequence removed and a dif-
ferent amino acid inserted in its place at the same position.

Insertional variants are those with one or more amino acids
inserted immediately adjacent to an arnino acid at a particular
position in a native sequence. Immediately adjacent to an
amino acid means connected to either the a-carboxy or
a-amino functional group of the amino acid.

Deletional variants are those with one or more amino acids
in the native amino acid sequence removed.

“Antibodies (Abs)” and “immunoglobulins (Igs)” are gly-
coproteins having the same structural characteristics. While
antibodies exhibit binding specificity to a specific antigen,
immunoglobulins include both antibodies and other anti-
body-like molecules which lack antigen specificity. Polypep-
tides of the latter kind are, for example, produced at low levels
by the lymph system and at increased levels by myelomas.

Native antibodies and immunoglobulins are usually het-
erotetrameric glycoproteins of about 150,000 Daltons, com-
posed of two identical light (L) chains and two identical
heavy (H) chains. Each light chain is linked to a heavy chain
by one covalent disulfide bond, while the number of disulfide
linkages varies between the heavy chains of different immu-
noglobulin isotypes. Each heavy and light chain also has
regularly spaced intrachain disulfide bridges. Each heavy
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chain has at one end a variable domain (V) followed by a
number of constant domains. Each light chain has a variable
domainat oneand (V;)and a constant domain at its other end;
the constant domain of the light chain is aligned with the first
constant domain of the heavy chain, and the light chain vari-
able domain is aligned with the variable domain of the heavy
chain. Particular amino acid residues are believed to form an
interface between the light and heavy chain variable domains
(Clothia et al. (1985) J. Mol. Biol. 186, 651-663; Novotny and
Haber (1985) Proc. Natl. Acad. Sci. USA 82:4592-4596).

The light chains of antibodies (immunoglobulins) from
any vertebrate species can be assigned to one of two clearly
distinct types, called kappa and lambda (A), based on the
amino acid sequences of their constant domains.

Depending on the amino acid sequence of the constant
domain of their heavy chains, immunoglobulins can be
assigned to different classes. There are five major classes of
immunoglobulins: IgA, IgD, IgE, IgG and IgM, and several
of'these may be further divided into subclasses (isotypes), e.g.
1gG-1,1gG-2, IgG-3, and IgG-4; IgA-1 and IgA-2. The heavy
chain constant domains that correspond to the different
classes of immunoglobulins are called a, delta, epsilon, vy, and
1, respectively. The subunit structures and three-dimensional
configurations of different classes of immunoglobulins are
well knonvn.

The term “antibody” is used in the broadest sense and
specifically covers single monoclonal antibodies (including
agonist and antagonist antibodies), antibody compositions
with polyepitopic specificity, as well as antibody fragments
(e.g., Fab, F(ab"),, and Fv), so long as they exhibit the desired
biological activity.

The term “monoclonal antibody” as used herein refers to
an antibody obtained from a population of substantially
homogeneous antibodies, i.e., the individual antibodies com-
prising the population are identical except for possible natu-
rally occurring mutations that may be present in minor
amounts. The modifier “monoclonal” indicates the character
of'the antibody as being obtained from a substantially homo-
geneous population of antibodies, and is not to be construed
as requiring production of the antibody by any particular
method. For example, the monoclonal antibodies to be used in
accordance with the present invention may be made by the
hybridoma method first described by Kohler and Milstein
(1975) Nature 256:495, or may be made by recombinant
DNA methods (see, e.g. U.S. Patent No. 4,816,567 (Cabilly et
al.) and Mage and Lamoyi (1987) in Monoclonal Antibody
Production Techniques and Applications, pp. 79-97, Marcel
Dekker, Inc., New York). The monoclonal antibodies may
also be isolated from phage libraries generated using the
techniques described in McCafferty et al. (1990) Nature 348:
552-554, for example.

“Humanized” forms of non-human (e.g. murine) antibod-
ies are specific chimeric immunoglobulins, immunoglobulin
chains or fragments thereof (such as Fv, Fab, Fab', F(ab), or
other antigen-binding subsequences of antibodies) which
contain minimal sequence derived from non-human immu-
noglobulin. For the most part, humanized antibodies are
human immunoglobulins (recipient antibody) in which resi-
dues from the complementarity determining regions (CDRs)
of the recipient antibody are replaced by residues from the
CDRs of a non-human species (donor antibody) such as
mouse, rat or rabbit having the desired specificity, affinity and
capacity. In some instances, Fv framework region (FR) resi-
dues of the human immunoglobulin are replaced by corre-
sponding non-human FR residues. Furthermore, the human-
ized antibody may comprise residues which are found neither
in the recipient antibody nor in the imported CDR or FR
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sequences. These modifications are made to further refine and
optimize antibody performance. In general, the humanized
antibody will comprise substantially all of at least one, and
typically two, variable domains, in which all or substantially
all of the CDR regions correspond to those of a non-human
immunoglobulin and all or substantially all of the FR residues
are those of a human immunoglobulin consensus sequence.
The humanized antibody optimally also will comprise at least
a portion of an immnunoglobulin constant region (Fc), typi-
cally that of a human immunoglobulin. For further details see:
Jones et al. (1986) Nature 321:522-525; Reichmann et al.
(1988) Nature 332:323-329; EP-B-239 400 published 30 Sep.
1987; Presta (1992) Curr. Op. Struct. Biol. 2:593-596; and
EP-B-451 216 published 24 Jan. 1996), which references are
herein incorporated by reference in their entirety. The human-
ized antibody includes a Primatized™ antibody wherein the
antigen-binding region of the antibody is derived from an
antibody produced by immunizing macaque monkeys with
the antigen of interest.

By “neutralizing antibody” is meant an antibody molecule
as herein defined which is able to block or significantly reduce
an effector function of native sequence NRG3. For example,
a neutralizing antibody may inhibit or reduce the ability of
NRG3 to activate an ErbB receptor, preferably an ErbB4
receptor, in the tyrosine phosphorylation assay described
herein. The neutralizing antibody may also block the mitoge-
nic activity of NRG3 in the cell proliferation assay disclosed
herein.

The monoclonal antibodies herein specifically include
“chimeric” antibodies (immunoglobulins) in which a portion
of the heavy and/or light chain is identical with or homolo-
gous to corresponding sequences in antibodies derived from a
particular species or belonging to a particular antibody class
or subclass, while the remainder of the chain(s) is identical
with or homologous to corresponding sequences in antibod-
ies derived from another species or belonging to another
antibody class or subclass, as well as fragments of such anti-
bodies, so long as they exhibit the desired biological activity
(U.S. Pat. No. 4,816,567 (Cabilly et al.; Morrison et al (1984)
Proc. Natl. Acad. Sci. USA 81:6851-6855).

In the context of the present invention the expressions
“cell”, “cell line”, and “cell culture” and “host cell” are used
interchangeably, and all such designations include progeny. It
is also understood that all progeny may not be precisely
identical in DNA content, due to deliberate or inadvertent
mutations. Mutant progeny that have the same function or
biological property, as screened for in the originally trans-
formed cell, are included. Methods of stable transfer, mean-
ing that the foreign DNA is continuously maintained in the
host, are known in the art.

The terms “replicable expression vector”, “expression vec-
tor” and “vector” refer to a piece of DNA, usually double-
stranded, which may have inserted into it a piece of foreign
DNA. Foreign DNA is defined as heterologous DNA, which
is DNA not naturally found in the host cell. The vector is used
to transport the foreign or heterologous DNA into a suitable
host cell. Once in the host cell, the vector can replicate inde-
pendently of the host chromosomal DNA, and several copies
of the vector and its inserted (foreign) DNA may be gener-
ated. In addition, the vector contains the necessary elements
that permit translating the foreign DNA into a polypeptide.
Many molecules of the polypeptide encoded by the foreign
DNA can thus be rapidly synthesized.

The term “control sequences” refers to DNA sequences
necessary for the expression of an operably linked coding
sequence in a particular host organism. The control sequences
that are suitable for prokaryotes, for example, include a pro-
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moter, optionally an operator sequence, a ribosome binding
site, and possibly, other as yet poorly understood sequences.
Eukaryotic cells are known to utilize promoters, polyadeny-
lation signals, and enhancer.

Nucleic acid is “operably linked” when it is placed into a
functional relationship with another nucleic acid sequence.
For example, DNA for a presequence or a secretory leader is
operably linked to DNA for a polypeptide if it is expressed as
a preprotein that participates in the secretion of the polypep-
tide; a promoter or enhancer is operably linked to a coding
sequence if it affects the transcription of the sequence; or a
ribosome binding site is operably linked to a coding
sequence. if it is positioned so as to facilitate translation.
Generally, “operably linked” means that the DNA sequences
being linked are contiguous and, in the case of a secretory
leader, contiguous and in reading phase. However, enhancers
do not have to be contiguous. Linking is accomplished by
ligation at convenient restriction sites. If such sites do not
exist, then synthetic oligonucleotide adaptors or linkers are
used in accord with conventional practice.

“Oligonucleotides™ are short-length, single- or double-
stranded polydeoxynucleotides that are chemically synthe-
sized by known methods, such as phosphotriester, phosphite,
or phosphoramidite chemistry, using solid phase techniques
such as those described in EP 266,032, published 4 May
1988, or via deoxynucleoside H-phosphanate intermediates
as described by Froehler et al. (1986) Nucl. Acids Res.
14:5399. They are then purified on polyacrylamide gels.

By “solid phase” is meant a non-aqueous matrix to which
a reagent of interest (e.g., NRG3 or an antibody thereto) can
adhere. Examples of solid phases encompassed herein
include those formed partially or entirely of glass (e.g., con-
trolled pore glass), polysaccharides (e.g., agarose), polyacry-
lamides, polystyrene, polyvinyl alcohol and silicones. In cer-
tain embodiments, depending on the context, the solid phase
can comprise the well of an assay plate; in others it is a
purification column (e.g., an affinity chromatography col-
umn). This term also includes a discontinuous solid phase of
discrete particles, such as those described in U.S. Pat. No.
4,275,149, herein incorporated by reference in its entirety.

The terms “transformation” and “transfection” are used
interchangeably herein and refer to the process of introducing
DNA into a cell. Following transformation or transfection,
the NRG3 DNA may integrate into the host cell genome, or
may exist as an extrachromosomal element. If prokaryotic
cells or cells that contain substantial cell wall constructions
are used as hosts, the preferred methods of transfection of the
cells with DNA is the calcium treatment method described by
Cohen et al. (1972) Proc. Natl. Acad. Sci. U.S.A., 69:2110-
2114 or the polyethylene glycol method of Chung et al.
(1988) Nuc. Acids. Res. 16:3580. If yeast are used as the host,
transfection is generally accomplished using polyethylene
glycol, as taught by Hinnen (1978) Proc. Natl. Acad. Sci.
U.S.A. 75:1929-1933. If mammalian cells are used as host
cells, transfection generally is carried out by the calcium
phosphate precipitation method, Graham el al. (1978) Virol-
ogy 52:546, Gorman el al. (1990) DNA and Protein Eng.
Tech. 2:3-10. However, other known methods for introducing
DNA into prokaryotic and eukaryotic cells, such as nuclear
injection, electroporation, or protoplast fusion also are suit-
able for use in this invention.

Particularly useful in this invention are expression vectors
that provide for the transient expression in mammalian cells
of DNA encoding NRG3. In general, transient expression
involves the use of an expression vector that is able to effi-
ciently replicate in a host cell, such that the host cell accumu-
lates many copies of the expression vector and, in turn, syn-
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thesizes high levels of a desired polypeptide encoded by the
expression vector. Transient expression systems, comprising
a suitable expression vector and a host cell, allow for the
convenient positive identification of polypeptides encoded by
cloned DNAs, as well as for the rapid screening of such
polypeptides for desired biological or physiological proper-
ties.

Itis further envisioned that the NRG3 of this invention may
be produced by homologous recombination, as provided for
in WO 91/06667, published 16 May 1991. Briefly, this
method involves transforming a cell containing an endog-
enous NRG3 gene with a homologous DNA, which homolo-
gous DNA comprises: (a) an amplifiable gene (e.g., a gene
encoding dihydrofolate reductase (DHFR)), and (b) at least
one flanking sequence, having a length of at least about 150
base pairs, which is homologous with a nucleotide sequence
in the cell genome that is within or in proximity to the gene
encoding NRG3. The transformation is carried out under
conditions such that the homologous DNA integrates into the
cell genome by recombination. Cells having integrated the
homologous DNA are then subjected to conditions which
select for amplification of the amplifiable gene, whereby the
NRG3 gene is amplified concomitantly. The resulting cells
are then screened for production of desired amounts of
NRG3. Flanking sequences that are in proximity to a gene
encoding NRG3 are readily identified, for example, by the
method of genomic walking, using as a starting point the
nucleotide sequence, or fragment thereof, of mouse NRG3 of
FIG. 1 (SEQ ID NO: 1), or human NRG3 of FIG. 2 (SEQ ID
NO:5) or FIG. 3 (SEQ ID NO:22). DNA encoding the mouse
and human NRG3 polypeptides is deposited with the Ameri-
can Type Culture Collection as ATCC deposit 209156
(mouse; pLXSN.mNRG3), ATCC deposit 209157 (human;
pRKS5.tk.neo hNRG3B1), or ATCC deposit 209297 (human;
pRKS5.tk.neo hNRG3B2).

The phrase “enhancing proliferation of a cell” encom-
passes the step of increasing the extent of growth and/or
reproduction of the cell, relative to an untreated cell, either in
vitro orin vivo. An increase in cell proliferation in cell culture
can be detected by counting the number of cells before and
after exposure to NRG3 (see the Example below). The extent
of proliferation can be quantified via microscopic examina-
tion of the degree of confluency. Cell proliferation can also be
quantified by measuring *H uptake by the cells.

By “enhancing differentiation of a cell” is meant the act of
increasing the extent of the acquisition or possession of one or
more characteristics or functions which differ from that of the
original cell (i.e. cell specialization). This can be detected by
screening for a change in the phenotype of the cell (e.g.
identifying morphological changes in the cell).

“Muscle cells” include skeletal, cardiac or smooth muscle
tissue cells. This term encompasses those cells which differ-
entiate to form more specialized muscle cells (e.g. myo-
blasts).

“Isolated NRG3 nucleic acid” is RNA or DNA free from at
least one contaminating source nucleic acid with which it is
normally associated in the natural source and preferably sub-
stantially free of any other mammalian RNA or DNA. The
phrase “free from at least one contaminating source nucleic
acid with which it is normally associated” includes the case
where the nucleic acid is present in the source or natural cell
but is in a different chromosomal location or is otherwise
flanked by nucleic acid sequences not normally found in the
source cell. An example of isolated NRG3 nucleic acid is
RNA or DNA that encodes a biologically active NRG3 shar-
ing at least 75%, more preferably at least 80%, still more
preferably at least 85%, even more preferably 90%, and most
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preferably 95% sequence identity with the mouse NRG3
shown in FIG. 1 (SEQ ID NO:1), or human NRG3 shown in
FIG. 2 (SEQ ID NO:4) or FIG. 3 (SEQ ID NO:22).

Nucleic acid is “operably linked” when it is placed into a
functional relationship with another nucleic acid sequence.
For example, DNA for a presequence or secretory leader is
operably linked to DNA for a polypeptide if it is expressed as
a preprotein that participates in the secretion of the polypep-
tide; a promoter or enhancer is operably linked to a coding
sequence if it affects the transcription of the sequence; or a
ribosome binding site is operably linked to a coding sequence
if it is positioned so as to facilitate translation. Generally,
“operably linked” means that the DNA sequences being
linked are contiguous, and, in the case of a secretory leader,
contiguous and in reading phase. However, enhancers do not
have to be contiguous. Linking is accomplished by ligation at
convenient restriction sites. If such sites do not exist, the
synthetic oligonucleotide adaptors or linkers are used in
accordance with conventional practice.

Hybridization is preferably performed under “stringent
conditions” which means (1) employing low ionic strength
and high temperature for washing, for example, 0.015 sodium
chloride/0.0015 M sodium citrate/0.1% sodium dodecyl sul-
fate at 50° C., or (2) employing during hybridization a dena-
turing agent, such as formamide, for example, 50% (vol/vol)
formamide with 0.1% bovine serum albumin/0.1% Ficoll/
0.1% polyvinylpyrrolidone/50 nM sodium phosphate buffer
at pH 6.5 with 750 mM sodium chloride, 75 mM sodium
citrate at 42° C. Another example is use of 50% formamide,
5xSSC (0.75 M NaCl, 0.075 M sodium citrate), 50 mM
sodium phosphate (pH 6/8), 0.1% sodium pyrophosphate, 5x
Denhardt’s solution, sonicated salmon sperm DNA (50
ng/ml), 0.1% SDS, and 10% dextran sulfate at 42° C., with
washes at 42° C. in 0.2xSSC and 0.1% SDS. Yet another
example is hybridization using a buffer of 10% dextran sul-
fate, 2xSSC (sodium chloride/sodium citrate) and 50% for-
mamide at 55° C., followed by a high-stringency wash con-
sisting of 0.1xSSC containing EDTA at 55° C.

“Immunoadhesins” or “NRG3—immunoglobulin chime-
ras” are chimeric antibody-like molecules that combine the
functional domain(s) of a binding protein (usually a receptor,
a cell-adhesion molecule or a ligand) with the an immuno-
globulin sequence. The most common example of this type of
fusion protein combines the hinge and Fc regions of an immu-
noglobulin (Ig) with domains of a cell-surface receptor that
recognizes a specific ligand. This type of molecule is called an
“immunoadhesin”, because it combines “immune” and
“adhesion” functions; other frequently used names are “Ig-
chimera”, “Ig-" or “Fc-fusion protein”, or “receptor-globu-
lin”

“Treatment” refers to both therapeutic treatment and pro-
phylactic or preventative measures those in need of treatment
include those already with the disorder as well as those prone
to have the disorder of those in which the disorder is to be
prevented.

“Mammal” for purposes of treatment refers to any animal
classified as a mammal, including humans, domestic and
farm animals, and zoo, sports, or pet animals, such as sheep,
dogs, horses, cats, cows, and the like. Preferably, the mammal
herein is a human.

“Carriers” as used herein include pharmaceutically accept-
able carriers, excipients, or stabilizers which are nontoxic to
the cell or mammal being exposed thereto at the dosages and
concentrations employed. Often the physiologically accept-
able carrier is an aqueous pH buffered solution. Examples of
physiologically acceptable carriers include buffers such as
phosphate, citrate, and other organic acids; antioxidants
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including ascorbic acid; low molecular weight (less than
about 10 residues) polypeptides; proteins, such as serum
albumin, gelatin, or immunoglobulins; hydrophilic polymers
such as polyvinylpyrrolidone; amino acids such as glycine,
glutamine, asparagine, arginine or lysine; monosaccharides,
disaccharides, and other carbohydrates including glucose,
mannose, or dextrins; chelating agents such as EDTA; sugar
alcohols such as mannitol or sorbitol; salt-forming counteri-
ons such as sodium; and/or nonionic surfactants such as
Tween™, polyethylene glycol (PEG), and Pluronics™.

General Procedures for the Production of an NRG3 by
Recombinant DNA Technology

A. Identification and Isolation of Nucleic Acid Encoding
Novel Neuregulin Related Ligand, NRG3.

The native NRG3s of the present invention may be isolated
from ¢cDNA or genomic libraries. For example, a suitable
c¢DNA library can be constructed by obtaining polyadeny-
lated mRNA from cells known to express the desired NRG3,
and using the mRNA as a template to synthesize double
stranded cDNA. Suitable sources of the mRNA are embry-
onic and adult mammalian tissues. mRNA encoding native
NRG3s of the present invention is expressed, for example, in
adult mammalian, brain, nervous system, heart, muscle, and
testis. The gene encoding the novel NRG3s of the present
invention can also be obtained from a genomic library, such as
ahuman genomic cosmid library, or a mouse-derived embry-
onic stem cell (ES) genomic library.

Libraries, either cDNA or genomic, are screened with
probes designed to identify the gene of interest or the protein
encoded by it. For cDNA expression libraries, suitable probes
include monoclonal and polyclonal antibodies that recognize
and specifically bind to a NRG3 of the invention. For cDNA
libraries, suitable probes include carefully selected oligo-
nucleotide probes (usually of about 20-80 bases in length)
that encode known or suspected portions of a NRG3 polypep-
tide from the same or different species, and/or complemen-
tary or homologous cDNAs or fragments thereof that encode
the same or a similar gene. Appropriate probes for screening
genomic DNA libraries include, without limitation, oligo-
nucleotides, cDNAs, or fragments thereof that encode the
same or a similar gene, and/or homologous genomic DNAs or
fragments thereof. Screening the cDNA or genomic library
with the selected probe may be conducted using standard
procedures as described in Chapters 10-12 of Sambrook et al.,
Molecular Cloning: A Laboratoy, Manual, New York, Cold
Spring Harbor Laboratory Press, 1989, herein incorporated
by reference in its entirety.

If DNA encoding a NRG3 of the present invention is iso-
lated by using carefully selected oligonucleotide sequences to
screen cDNA libraries from various tissues, the oligonucle-
otide sequences selected as probes should be sufficient in
length and sufficiently unam biguous that false positive selec-
tions are minimized. The actual nucleotide sequence(s) is/are
usually designed based on regions that have the least codon
redundance. The oligonucleotides may be degenerate at one
or more positions. The use of degenerate oligonucleotides is
of particular importance where a library is screened from a
species in which preferential codon usage is not known.

The oligonucleotide must be labeled such that it can be
detected upon hybridization to DNA in the library being
screened. The preferred method of labeling is to use ATP
(e.g.,v>*P) and polynucleotide kinase to radiolabel the 5' end
of'the oligonucleotide. However, other methods may be used
to label the oligonucleotide, including, but not limited to,
biotinylation or enzyme labeling.
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c¢DNAs encoding the novel NRG3s can also be identified
and isolated by other known techniques of recombinant DNA
technology, such as by direct expression cloning, or by using
the polymerase chain reaction (PCR) as described in U.S. Pat.
No. 4,683,195, issued 28 Jul. 1987, in section 14 of Sambrook
etal., supra, or in Chapter 15 of Current Protocols in Molecu-
lar Biology, Ausubel et al. eds., Greene Publishing Associates
and Wiley-Interscience 1991, which references are herein
incorporated by reference in their entirety.

Once cDNA encoding a new native ErbB4 receptor-spe-
cific NRG3 from one species has been isolated, cDNAs from
other species can also be obtained by cross-species hybrid-
ization. According to this approach, human or other mamma-
lian cDNA or genomic libraries are probed by labeled oligo-
nucleotide sequences selected from known NRG3 sequences
(such as murine or human sequences) in accord with known
criteria. Preferably, the probe sequence should be sufficient in
length and sufficiently unambiguous that false positives are
minimized. Typically, a **P-labeled oligonucleotide having
about 30 to 50 bases is sufficient, particularly if the oligo-
nucleotide contains one or more codons for methionine or
tryptophan. Isolated nucleic acid will be DNA that is identi-
fied and separated from contaminant nucleic acid encoding
other polypeptides from the source of nucleic acid. Hybrid-
ization is preferably performed under “stringent conditions”,
as defined herein.

Once the sequence is known, the gene encoding a particu-
lar NRG3 can also be obtained by chemical synthesis, fol-
lowing one of the methods described in Engels and Uhlmann,
Agnew (1989) Chem. Int. Ed. Engl. 28:716, herein incorpo-
rated by reference in its entirety. These methods include tri-
ester, phosphite, phosphoramidite and H-phosphonate meth-
ods, PCR and other autoprimer methods, and oligonucleotide
syntheses on solid supports.

B. Cloning and Expression of Nucleic Acid Encoding the
Novel NRG3s.

Once the nucleic acid encoding a novel NRG3 is available,
it is generally ligated into a replicable expression vector for
further cloning (amplification of the DNA), or for expression.

Expression and cloning vectors are well known in the art
and contain a nucleic acid sequence that enables the vector to
replicate in one or more selected host cells. The selection of
the appropriate vector will depend on 1) whether it is to be
used for DNA amplification or for DNA expression, 2) the
size of the DNA to be inserted into the vector, and 3) the host
cell to be transformed with the vector. Each vector contains
various components depending on its function (amplification
of DNA of expression of DNA) and the host cell for which it
is compatible. The vector components generally include, but
are not limited to, one or more of the following: a signal
sequence, an origin of replication, one or more marker genes,
an enhancer element, a promoter, and a transcription termi-
nation sequence. Construction of suitable vectors containing
one or more of the above listed components, the desired
coding and control sequences, employs standard ligation
techniques. Isolated plasmids or DNA fragments are cleaved,
tailored, and religated in the form desired to generate the
plasmids required. For analysis to confirm correct sequences
in plasmids constructed, the ligation mixtures are commonly
used to transform E. coli cells, e.g. E. coli K12 strain 294
(ATCC 31,446) and successful transformants selected by
ampicillin or tetracycline resistance where appropriate. Plas-
mids from the transformants are prepared, analyzed by
restriction endonuclease digestion, and/or sequenced by the
method of Messing et al. (1981) Nucleic Acids Res. 2:309 or
by the method of Maxam et al. (1980) Methods in Enzymol-
ogy 65:499.
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The polypeptides of the present invention may be
expressed in a variety of prokaryotic and eukaryotic host
cells. Suitable prokaryotes include gram negative or gram
positive organisms, for example E. coli or bacilli. A preferred
cloning host is E. coli 294 (ATCC 31,446) although other
gram negative or gram positive prokaryotes such as . coli B,
E. coli X1776 (ATCC 31,537), E. coli W3110 (ATCC
27,325), Pseudomonas species, or Serratia Marcesans are
suitable.

In addition to prokaryotes, eukaryotic microbes such as
filamentous fungi or yeast are suitable hosts for vectors
herein. Saccharomyces cerevisiae, or common baker’s yeast,
is the most commonly used among lower eukaryotic host
microorganisms. However, a number of other genera, species
and strains are commonly available and useful herein, such as
S. pombe (Beach and Nurse (1981) Nature 290:140),
Kluyjeromyces lactis (Louvencour et al. (1983) J. Bacteriol.
737); yarroitia (EP 402,226); Pichia pastoris (EP 183,070),
Trichoderma reesia (EP 244,234), Neurospora crassa (Case
etal. (1979) Proc. Natl. Acad. Sci. USA 76:5259-5263); and
Aspergillus hosts such as 4. nidulans (Ballance et al. (1983)
Biochem. Biophys. Res. Commun. 112:284-289; Tilbum et
al. (1983) Gene 26:205-221; Yelton et al. (1984) Proc. Natl.
Acad. Sci. USA 81:1470-1474) and A. niger (Kelly and
Hynes (1985) EMBO J. 4:475-479).

Suitable host cells may also derive from multicellular
organisms. Such host cells are capable of complex processing
and glycosylation activities. In principle, any higher eukary-
otic cell culture is workable, whether from vertebrate or inver-
tebrate culture, although cells from mammals such as humans
are preferred. Examples of invertebrate cells include plants
and insect cells. Numerous baculoviral strains and variants
and corresponding permissive insect host cells from hosts
such as Spodoptera frugiperda (caterpillar), Aedes aegypti
(mosquito), Aedes albopictus (mosquito), Drosophila melan-
gaster (fruitfly), and Bombyx mori host cells have been iden-
tified. See, e.g. Luckow et al. (1988) Bio/Technology 6:47-
55; Miller et al., in Genetic Engineering, Setlow, J. K. et al.,
eds., Vol. 8 (Plenum Publishing, 1986), pp. 277-279; and
Maeda et al. (1985) Nature 315:592-594. A variety of such
viral strains are publicly available, e.g. the [.-1 variant of
Autographa californica NPV, and such viruses may be used
as the virus herein according to the present invention, particu-
larly for transfection of Spodoptera frugiperda cells.

Plant cell cultures of cotton, corn, potato, soybean, petunia,
tomato, and tobacco can be utilized as hosts. Typically, plant
cells are transfected by incubation with certain strains of the
bacterium Agrobacterium tumefaciens, which has been pre-
viously manipulated to contain the NRG3 DNA. During incu-
bation of the plant cell culture with 4. tumefaciens, the DNA
encoding a NRG3 is transferred to the plant cell host such that
it is transfected, and will, under appropriate conditions,
express the NRG3 DNA. In addition, regulatory and signal
sequences compatible with plant cells are available, such as
the nopaline synthase promoter and polyadenylation signal
sequences. Depicker etal. (1982) J. Mol. Appl. Gen. 1:561. In
addition, DNA segments isolated from the upstream region of
the T-DNA 780 gene are capable of activating or increasing
transcription levels of plant-expressible genes in recombinant
DNA-containing plant tissue. See EP 321,196 published 21
Jun. 1989.

However, interest has been greatest in vertebrate cells, and
propagation of vertebrate cells in culture (tissue culture) is per
se well known (see for example, Tissue Culture, Academic
Press, Kruse and Patterson, editors (1973)). Examples of
useful mammalian host cell lines are monkey kidney CV1
line transformed by SV40 (COS-7, ATCC CRL 1651); human
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embryonic kidney cell line (293 or 293 cells subcloned for
growth in suspension culture, Graham et al. (1977) J. Gen.
Virol. 36:59); baby hamster kidney cells (BHK, ATCC CCL
10); Chinese hamster ovary cells/-DHFR (CHO, Urlaub and
Chasin (1980) Proc. Natl. Acad. Sci. USA 77:4216); mouse
sertolli cells (TM4, Mather (1980) Biol. Reprod. 23:243-
251); monkey kidney cells (CV1 ATCC CCL 70); African
green monkey kidney cells (VERO-76, ATCC CRL-1587);
human cervical carcinoma cells (HELA, ATCC CCL 2);
canine kidney cells (MDCK, ATCC CCL 34); buffalo rat liver
cells (BRL 3A, ATCC CRL 1442); human lung cells (WI 38,
ATCC CCL75); human liver cells (Hep G2, HB 8065); mouse
mammary tumor (MMT 060562, ATCC CCL51); TRI cells
(Mather et al. (1982) Annals N.Y. Acad. Sci. 383:44068);
MRC 5 cells; FS4 cells; and a human hepatoma cell line (Hep
(G2). Preferred host cells are human embryonic kidney 293
and Chinese hamster ovary cells.

Particularly useful in the practice of this invention are
expression vectors that provide for the expression in mam-
malian cells of DNA encoding a novel NRG3 herein. Where
transient expression is preferred, expression involves the use
of'an expression vector that is able to replicate efficiently in a
host cell, such that the host cell accumulates many copies of
the expression vector and, in turn, synthesizes high levels of
a desired polypeptide encoded by the expression vector. Tran-
sient systems, comprising a suitable expression vector and a
host cell, allow for the convenient positive identification of
polypeptides encoded by cloned DNAs, as well as for the
rapid screening of such polypeptides for desired biological or
physiological properties. Thus, transient expression systems
are particularly useful in the invention for purposes of iden-
tifying analogs and variants of a native NRG3 of the inven-
tion.

Other methods, vectors, and host cells suitable for adapta-
tion to the synthesis of the NRG3s in recombinant vertebrate
cell culture are described for example, in Getting et al. (1981)
Nature 293:620-625; Mantel et al. (1979) Nature 281:40-46;
Levinson et al.; EP 117,060 and EP 117,058. Particularly
useful plasmids for mammalian cell culture expression of the
NRG3 polypeptides are pRKS (EP 307,247), or pSVI6B
(PCT Publication No. WO 91/08291).

Other cloning and expression vectors suitable for the
expression of the NRG3s of the present invention in a variety
of host cells are, for example, described in EP 457,758 pub-
lished 27 Nov. 1991. A large variety of expression vectors is
now commercially available. An exemplary commercial
yeast expression vector is pPIC.9 (Invitrogen), while an com-
mercially available expression vector suitable for transforma-
tion of E. coli cells is PET15b (Novagen).

C. Culturing the Host Cells.

Prokaryote cells used to produced the NRG3s of this inven-
tion are cultured in suitable media as describe generally in
Sambrook et al., supra.

Mammalian cells can be cultured in a variety of media.
Commercially available media such as Ham’s F10 (Sigma),
Minimal Essential Medium (MEM, Sigma), RPMI-1640
(Sigma), and Dulbecco’s Modified FEagle’s Medium
(DMEM, Sigma) are suitable for culturing the host cells. In
addition, any of the media described in Ham and Wallace
(1979) Meth. Enzymol. 58:44; Barnes and Sato (1980) Anal.
Biochem. 102:255, U.S. Pat. Nos. 4,767,704, 4,657,866,
4,927,762; or 4,560,655; WO 90/03430; WO 87/00195 or
U.S. Pat. Re. 30,985 may be used as culture media for the host
cells. Any of these media may be supplemented as necessary
with hormones and/or other growth factors (such as insulin,
transferrin, or epidermal growth factor), salts (such as sodium
chloride, calcium, magnesium, and phosphate), buffers (such
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as HEPES), nucleosides (such as adenosine and thymidine),
antibiotics (such as Gentamycin™ drug) trace elements (de-
fined as inorganic compounds usually present at final concen-
trations in the micromolar range), and glucose or an equiva-
lent energy source. Any other necessary supplements may
also be included at appropriate concentrations that would be
known to those skilled in the art. The culture conditions, such
as temperature, pH and the like, suitably are those previously
used with the host cell selected for cloning or expression, as
the case may be, and will be apparent to the ordinary artisan.

The host cells referred to in this disclosure encompass cells
in in vitro cell culture as well as cells that are within a host
animal or plant.

It is further envisioned that the NRG3s of this invention
may be produced by homologous recombination, or with
recombinant production methods utilizing control elements
introduced into cells already containing DNA encoding the
particular NRG3.

D. Detecting Gene Amplification and/or Expression.

Gene amplification and/or expression may be measured in
a sample directly, for example, by conventional Southern
blotting, Northern blotting to quantitate the transcription of
mRNA (Thomas (1980) Proc. Natl. Acad. Sci. USA 77:5201-
5205), dot blotting (DNA analysis), or in situ hybridization,
using an appropriately labeled probe, based on the sequences
provided herein. Various labels may be employed, most com-
monly radioisotopes, particularly 32p. However, other tech-
niques may also be employed, such as using biotin-modified
nucleotides for introduction into a polynucleotide. The biotin
then serves as a site for binding to avidin or antibodies, which
may be labeled with a wide variety of labels, such as radio-
nuclides, fluorescers, enzymes, or the like. Alternatively, anti-
bodies may be employed that can recognize specific
duplexes, including DNA duplexes, RNA duplexes, and
DNA-RNA hybrid duplexes or DNA-protein duplexes. The
antibodies in turn may be labeled and the assay may be carried
out where the duplex is bound to the surface, so that upon the
formation of duplex on the surface, the presence of antibody
bound to the duplex can be detected.

Gene expression, alternatively, may be measured by immu-
nological methods, such as immunohistochemical staining of
tissue sections and assay of cell culture or body fluids, to
quantitate directly the expression of gene product. A particu-
larly sensitive staining technique suitable for use in the
present invention is described by Hse etal. (1980) Am. J. Clin.
Pharm. 75:734-738.

Antibodies useful for immunohistochemical staining and/
or assay of sample fluids may be either monoclonal or poly-
clonal, and may be prepared in any animal. Conveniently, the
antibodies may be prepared against a native NRG3 polypep-
tide, or against a synthetic peptide based on the DNA
sequence disclosed herein.

E. Amino Acid Sequence Variants of a Native NRG3.

Amino acid sequence variants of native NRG3s are pre-
pared by methods known in the art by introducing appropriate
nucleotide changes into a native NRG3 DNA, or by in vitro
synthesis of the desired polypeptide. There are two principal
variables in the construction of amino acid sequence variants:
the location of the mutation site and the nature of the muta-
tion. With the exception of naturally-occurring alleles, which
do not require the manipulation of the DNA sequence encod-
ing the native NRG3, the amino acid sequence variants of
NRG3s are preferably constructed by mutating the DNA,
either to arrive at an allele or an amino acid sequence variant
that does not occur in nature.

One group of mutations will be created within the extra-
cellular domain or within the EGF-like domain of a novel
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native mouse or human NRG3 of the present invention (see
FIG. 3 for the delineation of the extracellular domain (SEQ ID
NO:3 or SEQ ID NO:7) and EGF-like domain (SEQ ID
NO:4) within human or mouse NRG3 amino acid sequences,
respectively. Since these domains are believed to be function-
ally important, alterations such as non-conservative substitu-
tions, insertions and/or deletions in these regions are expected
to result in genuine changes in the properties of the native
receptor molecules such as in ErbB4 receptor binding and
activation. Accordingly, amino acid alterations in this region
are also believed to result in variants with properties signifi-
cantly different from the corresponding native polypeptides.
Non-conservative substitutions within these functionally
important domains may result in variants which lose the
ErbB4 receptor recognition and binding ability of their native
counterparts, or have increased ErbB4 receptor recognition
properties, enhanced selectivity, or enhanced activation prop-
erties as compared to the corresponding native proteins.

Alternatively or in addition, amino acid alterations can be
made at sites that differ in novel NRG3s from various species,
or in highly conserved regions, depending on the goal to be
achieved. Sites at such locations will typically be modified in
series, e.g. by (1) substituting first with conservative choices
and then with more radical selections depending upon the
results achieved, (2) deleting the target residue or residues, or
(3) inserting residues of the same or different class adjacent to
the located site, or combinations of options 1-3. One helpful
technique for such modifications is called “alanine scanning”
(Cunningham and Wells (1989) Science 244:1081-1085).

In yet another group of the variant NRG3s of the present
invention, one or more of the functionally less significant
domains may be deleted or inactivated. For example, the
deletion or inactivation of the transmembrane domain yields
soluble variants of the native proteins. Alternatively, or in
addition, the cytoplasmic domain may be deleted, truncated
or otherwise altered.

Naturally-occurring amino acids are divided into groups
based on common side chain properties:

(1) hydrophobic: norleucine, met, ala, val, leu, ile;

(2) neutral hydrophobic: cys, ser, thr;

(3) acidic: asp, glu;

(4) basic: asn, gln, his, lys, arg;

(5) residues that influence chain orientation: gly, pro; and
(6) aromatic: trp, tyr, phe.

Conservative substitutions involve exchanging a member
within one group for another member within the same group,
whereas non-conservative substitutions will entail exchang-
ing a member of one of these classes for another. Substantial
changes in function or immunological identity are made by
NRG3 substitutions that are less conservative, i.e. differ more
significantly in their effect on maintaining (a) the structure of
the polypeptide backbone in the area of substitution, for
example as a sheet or helical conformation, (b) the charge or
hydrophobicity of the molecule at the target site or (¢) the bulk
of the side chain. The substitutions which in general are
expected to produce the greatest changes in the properties of
the novel native NRG3s of the present invention will be those
in which (a) a hydrophilic residue, e.g. seryl or threonyl, is
substituted for (or by) a hydrophobic residue, e.g. leucyl,
isoleucyl, phenylalanyl, valyl or alanyl; (b) a cysteine or
proline is substituted for (or by) any other residue; (c) a
residue having an electropositive side chain, e.g. lysyl, argi-
nyl, or histidyl, is substituted for (or by) an electronegative
residue, e.g., glutamyl or aspartyl; or (d) a residue having a
bulky side chain, e.g., phenylalanine, is substituted for (or by)
one not having a side chain, e.g. glycine. Such substitutions
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are expected to have their most significant effect when made
within the extracellular domain, such as in the EGF-like
domain.

Substitutional variants of the novel NRG3s of the present
invention also include variants where functionally homolo-
gous (having at least about 40%-50% homology) domains of
other proteins are substituted by routine methods for one or
more of the above-identified domains within the novel NRG3
structure, such as the extracellular domain or EGF-like
domain.

Amino acid sequence deletions generally range from about
1 to 30 residues, more preferably about 1 to 10 residues, and
typically are contiguous. Typically, the transmembrane and
cytoplasmic domains, or only the transmembrane domains
are deleted. However, deletion from the C-terminus to any
suitable amino acid N-terminal to the transmembrane region
which preserves the biological activity or immnunological
cross-reactivity of a native NRG3 is suitable. The transmem-
brane region (TM) of each of the human and mouse NRG3
consensus sequences is shown in FIGS. 4A and 4B to range
from about amino acid 362 to about amino acid 384 (human
SEQIDNO:6 and SEQID NO:23), and about amino acid 360
to about amino acid 382 (mouse SEQ ID NO:2).

A preferred class of substitutional and/or deletional vari-
ants of the present invention are those involving a transmem-
brane region of a novel NRG3 molecule. Transmembrane
regions are highly hydrophobic or lipophilic domains that are
the proper size to span the lipid bilayer of the cellular mem-
brane. They are believed to anchor the NRG3 in the cell
membrane, and allow for homo- or heteropolymeric complex
formation. Inactivation of the transmembrane domain, typi-
cally by deletion or substitution of transmembrane domain
hydroxylation residues, will facilitate recovery and formula-
tion by reducing its cellular or membrane lipid affinity and
improving its aqueous solubility. If the transmembrane and
cytoplasmic domains are deleted one avoids the introduction
of'potentially immunogenic epitopes, whether by exposure of
otherwise intracellular polypeptides that might be recognized
by the body as foreign or by insertion of heterologous
polypeptides that are potentially immunogenic. Inactivation
of'the membrane insertion function is accomplished by dele-
tion of sufficient residues to produce a substantially hydro-
philic hydropathy profile in the transmembrane or by substi-
tuting with heterologous residues which accomplish the same
result.

A principle advantage of the transmembrane inactivated
variants of the NRG3s of the present invention is that they
may be secreted into the culture medium of recombinant
hosts. These variants are soluble in body fluids such as blood
and do not have an appreciable affinity for cell membrane
lipids, thus considerably simplifying their recovery from
recombinant cell culture. As a general proposition, such
soluble variants will retain a functional extracellular domain
or fragment thereof, will not have a functional transmem-
brane domain, and preferably will not have a functional cyto-
plasmic domain.

For example, the transmembrane domain may be substi-
tuted by any amino acid sequence, e.g. a random or predeter-
mined sequences of about 5 to 50 serine, threonine, lysine,
arginine, glutamine, aspartic acid and like hydrophilic resi-
dues, which altogether exhibit a hydrophilic hydropathy pro-
file. Like the deletional (truncated) soluble variants, these
variants are secreted into the culture medium of recombinant
hosts.

Amino acid insertions include amino- and/or carboxyl-
terminal fusions ranging in length from one residue to
polypeptides containing a hundred or more residues, as well
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as intrasequence insertions of single or multiple amino acid
residues. Intrasequence insertions (i.e. insertions within the
novel NRG3 amino acid sequence) may range generally from
about 1 to 10 residues, more preferably 1 to 5 residues, more
preferably 1 to 3 residues. An example of a terminal insertion
includes fusion of a heterologous N-terminal signal sequence
to the N-terminus of the NRG3 molecule to facilitate the
secretion of the mature NRG3 or a fragment thereof from
recombinant host cells. Such signal sequences will generally
be obtained from, and thus be homologous to, a signal
sequence of the intended host cell species. Suitable sequences
include STII or Ipp for E. coli, alpha factor for yeast, and viral
signals such as herpes gD for mammalian cells.

Other insertional variants of the native NRG3 molecules
include the fusion of the N— or C-terminus of the NRG3
molecule to immunogenic polypeptides, e.g. bacterial
polypeptides such as beta-lactanase or an enzyme encoded by
the E. coli trp locus, or yeast protein, and C-terminal fusions
with proteins having a long half-life such as immunoglobulin
regions (preferably immunoglobulin constant regions), albu-
min, or ferritin, as described in WO 89/02922 published on 6
Apr. 1989.

Further insertional variants are immunologically active
derivatives of the novel NRG3s, which comprise the EGF-
like domain and a polypeptide containing an epitope of an
immunologically competent extraneous polypeptide, i.e. a
polypeptide which is capable of eliciting an immune response
in the animal to which the fusion is to be administered or
which is capable of being bound by an antibody raised against
an extraneous polypeptide. Typical examples of such immu-
nologically competent polypeptides are allergens, autoim-
mune epitopes, or other potent immunogens or antigens rec-
ognized by pre-existing antibodies in the fusion recipient,
including bacterial polypeptides such as trpLLE, p-glactosi-
dase, viral polypeptides such as herpes gD protein, and the
like.

Immunogenic fusions are produced by cross-linking in
vitro or by culture of cells transformed with recombinant
DNA encoding an immunogenic polypeptide. It is preferable
that the immunogenic fusion be one in which the immuno-
genic sequence is joined to or inserted into a novel NRG3
molecule or fragment thereof by one or more peptide bonds.
These products therefore consist of a linear polypeptide chain
containing the NRG3 epitope and at least one epitope foreign
to the NRG3. It will be understood that it is within the scope
of'this invention to introduce the epitopes anywhere within a
NRG3 molecule of the present invention or a fragment
thereof. These immunogenic insertions are particularly use-
ful when formulated into a pharmacologically acceptable
carrier and administered to a subject in order to raise antibod-
ies against the NRG3 molecule, which antibodies in turn are
useful as diagnostics, in tissue-typing, or in purification of the
novel NRG3s by standard immunoaffinity techniques. Alter-
natively, in the purification of the NRG3s of the present
invention, binding partners for the fused extraneous polypep-
tide, e.g. antibodies, receptors or ligands, are used to adsorb
the fusion from impure admixtures, after which the fusion is
eluted and, if desired, the novel NRG3 is recovered from the
fusion, e.g. by enzymatic cleavage.

Since it is often difficult to predict in advance the charac-
teristics of a variant NRG3, it wvill be appreciated that some
screening will be needed to select the optimum variant. Such
screening includes, but is not limited to, arrays of ErbB4
receptor binding.

After identifying the desired mutation(s), the gene encod-
ing a NRG3 variant can, for example, be obtained by chemi-
cal synthesis as described herein. More preferably, DNA
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encoding a NRG3 amino acid sequence variant is prepared by
site-directed mutagenesis of DNA that encodes an earlier
prepared variant or a nonvariant version of the NRG3. Site-
directed (site-specific) mutagenesis allows the production of
NRG3 variants through the use of specific oligonucleotide
sequences that encode the DNA sequence of the desired
mutation, as well as a sufficient number of adjacent nucle-
otides, to provide a primer sequence of sufficient size and
sequence complexity to form a stable duplex on both sides of
the deletion junction being traversed. Typically, a primer of
about 20 to 25 nucleotides in length is preferred, with about 5
to 10 residues on both sides of thejunction of the sequence
being altered. In general, the techniques of site-specific
mutagenesis are well known in the art, as exemplified by
publications such as, Edelman et al. (1983) DNA 2:183. As
will be appreciated, the site-specific mutagenesis technique
typically employs a phage vector that exists in both a single-
stranded and double-stranded form. Typical vectors useful in
site-directed mutagenesis include vectors such as the M13
phage, for example, as disclosed by Messing et al., Third
Cleveland Symposium on Macromolecules and Recombinant
DNA, A. Walton, ed., Elsevier, Amsterdam (1981). This and
other phage vectors are commercially available and their use
is well known to those skilled in the art. A versatile and
efficient procedure for the construction of oligodeoxyribo-
nucleotide directed site-specific mutations in DNA fragments
using M13-derived vectors was published by Zoller, M. J. and
Smith, M. (1982) Nucleic Acids Res. 10:6487-6500). Also,
plasmid vectors that contain a single-stranded phage origin of
replication (Veiraetal. (1987) Meth. Enzymol. 153:3) may be
employed to obtain single-stranded DNA. Alternatively,
nucleotide substitutions are introduced by synthesizing the
appropriate DNA fragment in vitro, and amplifying it by PCR
procedures known in the art.

The PCR amplification technique may also be used to
create amino acid sequence variants of a novel NRG3. In a
specific example of PCR mutagenesis, template plasmid
DNA (1 pg) is linearized by digestion with a restriction endo-
nuclease that has a unique recognition site in the plasmid
DNA outside of the region to be amplified. Of this material,
100 ng is added to a PCR mixture containing PCR buffer,
which contains the four deoxynucleotide triphosphates and is
included in the GeneAmp® kits (obtained from Perkin-Elmer
Cetus, Norwalk, Conn. and Emeryville, Calif.), and 25 pmole
of'each oligonucleotide primer, to a final volume of SO I11. The
reaction mixture is overlayered with 35 pl mineral oil. The
reaction is denatured for 5 minutes at 100° C., placed briefly
on ice, and then 1 pl Thermus aquaticus (Taq) DNA poly-
merase (5 units/ 1), purchased from Perkin-Elmer Cetus, Nor-
walk, Conn. and Emeryville, Calif.) is added below the min-
eral oil layer. The reaction mixture is then inserted into a DNA
Thermal Cycler (Perkin-Elmer Cetus) programmed as fol-
lows: (as an example)

2 min. 55° C.,

30 sec. 72° C., then 19 cycles of the following:

30sec. 94° C.,

30 sec. 55° C., and

30 sec. 72° C.

At the end of the program, the reaction vial is removed
from the thermal cycler and the aqueous phase transferred to
anew vial, extracted with phenol/chloroform (50:50 vol), and
ethanol precipitated, and the DNA is recovered by standard
procedures. This material is subsequently subjected to appro-
priate treatments for insertion into a vector.

Cassette mutagenesis is another method useful for prepar-
ing variants and is based on the technique described by Wells
et al. (1985) Gene 34:315.
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Additionally, the so-called phagemid display method may
be useful in making amino acid sequence variants of native or
variant NRG3s or their fragments. This method involves 1)
constructing a replicable expression vector comprising a first
gene encoding a receptor to be mutated, a second gene encod-
ing at least a portion of a natural or wild-type phage coat
protein wherein the first and second genes are heterologous,
and a transcription regulatory element operably linked to the
first and second genes, thereby forming a gene fusion encod-
ing a fusion protein; 2) mutating the vector at one or more
selected positions within the first gene thereby forming a
family of related plasmids; 3) transforming suitable host cells
with the plasmids; 4) infecting the transformed host cells with
a helper phage having a gene encoding the phage coat protein;
5) culturing the transformed infected host cells under condi-
tions suitable for forming recombinant phagemid particles
containing at least a portion of the plasmid and capable of
transforming the host, the conditions adjusted so that no more
than a minor amount of phagemid particles display more than
one copy of the fusion protein on the surface of the particle; 6)
contacting the phagemid particles with a suitable antigen so
that at least a portion of the phagemid particles bind to the
antigen; and 7) separating the phagemid particles that bind
from those that do not. Steps 4 through 7 can be repeated one
or more times. Preferably in this method the plasmid is under
tight control of the transcription regulatory element, and the
culturing conditions are adjusted so that the amount or num-
ber of phagemid particles displaying more than one copy of
the fusion protein on the surface of the particle is less than
about 1%. Also, preferably, the amount of phagemid particles
displaying more than one copy of the fusion protein is less
than 10% of the amount of phagemid particles displaying a
single copy of the fusion protein. Most preferably, the amount
is less than 20%. Typically in this method, the expression
vector will further contain a secretory signal sequence fused
to the DNA encoding each subunit of the polypeptide and the
transcription regulatory element will be a promoter system.
Preferred promoter systems are selected from lac Z, A, , tac,
T7 polymerase, tryptophan, and alkaline phosphatase pro-
moters and combinations thereof. Also, normally the method
will employ a helper phage selected from MI13K07,
M13R408, M13-VCS, and Phi X 174. The preferred helper
phage is M13K07, and the preferred coat protein is the M13
Phage gene I1I coat protein. The preferred host is E. coli, and
protease-deficient strains of E. coli.

Further details of the foregoing and similar mutagenesis
techniques are found in general textbooks, such as, for
example, Sambrook et al., supra, and Current Protocols in
Molecular Biology, Ausubel et al. eds., supra.

F. Glycosylation Variants.

Glycosylation variants are included within the scope of the
present invention. They include variants completely lacking
in glycosylation (unglycosylated), variants having at least
one less glycosylated site than the native form (deglycosy-
lated) as well as variants in which the gycosylation has been
changed. Included are deglycosylated and unglycosylated
amino acid sequences variants, deglycosylated and unglyco-
sylated native NRG3s or fragments thereof and other glyco-
sylation variants. For example, substitutional or deletional
mutagenesis may be employed to eliminate the N— or
O-linked glycosylation sites in the a native or variant NRG3
of the present invention, e.g. the asparagine residue may be
deleted or substituted for another basic residue such as lysine
or histidine. Alternatively, flanking residues making up the
glycosylation site may be substituted or deleted, even though
the asparagine residues remain unchanged, in order to prevent
glycosylation by eliminating the glycosylation recognition
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site. Where the preferred NRL variant is the EGF-like domain
of NRG3, the fragment is preferably unglycosylated.

Additionally, unglycosylated NRG3s which have the gly-
cosylation sites of a native molecule may be produced in
recombinant prokaryotic cell culture because prokaryotes are
incapable of introducing glycosylation into polypeptides.

Glycosylation variants may be produced by appropriate
host cells or by ill vitro methods. Yeast and insect cells, for
example, introduce glycosylation which varies significantly
from that of mammalian systems. Similarly, mammalian cells
having a different species (e.g. hamster, murine, porcine,
bovine or ovine), or tissue origin (e.g. lung, liver, lymphoid,
mesenchymal or epidermal) than the source of the NRG3 are
routinely screened for the ability to introduce variant glyco-
sylation as characterized for example by elevated levels of
mannose or variant ratios of mannose, fucose, sialic acid, and
other sugars typically found in mammalian glycoproteins. In
vitro processing of the NRG3 typically is accomplished by
enzymatic hydrolysis, e.g. neuraminidate digestion.

G. Covalent Modifications.

Covalent modifications of the novel NRG3s of the present
invention are included within the scope of the invention. Such
modifications are traditionally introduced by reacting tar-
geted amino acid residues of the NRG3s with an organic
derivatizing agent that is capable of reacting with selected
amino acid side chains or terminal residues, or by harnessing
mechanisms of post-translational modifications that function
in selected recombinant host cells. The resultant covalent
derivatives are useful in programs directed at identifying resi-
dues important for biological activity, for immunoassays of
the NRG3, or for the preparation of anti-NRG?3 antibodies for
immunoaffinity purification of the recombinant. For example,
complete inactivation of the biological activity of the protein
after reaction with ninhydrin would suggest that at least one
arginyl or lysyl residue is critical for its activity, whereafter
the individual residues which were modified under the con-
ditions selected are identified by isolation of a peptide frag-
ment containing the modified amino acid residue. Such modi-
fications are within the ordinary skill in the art and are
performed without undue experimentation.

Derivatization with bifunctional agents is useful for pre-
paring intramolecular aggregates of the NRG3s with
polypeptides as well as for cross-linking the NRG3 polypep-
tide to a water insoluble support matrix or surface for use in
assays or affinity purification. In addition, a study of inter-
chain cross-links will provide direct information on confor-
mational structure. Commonly used cross-linking agents
include 1,1-bis(diazoacetyl)-2-phenylethane, glutaralde-
hyde, N-hydroxysuccinimide esters, homobifunctional imi-
doesters, and bifunctional maleimides. Derivatizing agents
such as methyl-3-[(p-azidophenyl)dithio]propioimidate
yield photoactivatable intermediates which are capable of
forming cross-links in the presence of light. Alternatively,
reactive water insoluble matrices such as cyanogen bromide
activated carbohydrates and the systems reactive substrates
described in U.S. Pat. Nos. 3,959,642, 3,969,287, 3,691,016;
4,195,128, 4,247,642, 4,229,537, 4,055,635; and 4,330,440
are employed for protein immobilization and cross-linking.

Certain post-translational modifications are the result of
the action of recombinant host cells on the expressed
polypeptide. Glutaminyl and aspariginyl residues are fre-
quently post-translationally deamidated to the corresponding
glutamyl and aspartyl residues. Alternatively, these residues
are deamidated under mildly acidic conditions. Either form of
these residues falls ,vithin the scope of this invention.

Other post-translational modifications include hydroxyla-
tion of proline and lysine, phosphorylation of hydroxyl
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groups of seryl, threonyl or tyrosyl residues, methylation of
the a-amino groups of lysine, arginine, and histidine side
chains (T. E. Creighton (1983) Proteins: Structure and
Molecular Properties, W.H. Freeman & Co., San Francisco,
pp- 79-86).

Further derivatives of the NRG3s herein are the so called
“immunoadhesins”, which are chimeric antibody-like mol-
ecules combining the functional domain(s) of a binding pro-
tein (usually a receptor, a cell-adhesion molecule or a ligand)
with the an inmnunoglobulin sequence. The most common
example of'this type of fusion protein combines the hinge and
Fc regions of an immunoglobulin (Ig) with domains of a
cell-surface receptor that recognizes a specific ligand. This
type of molecule is called an “immunoadhesin”, because it
combines “immune” and “adhesion” functions; other fre-
quently used names are “Ig-chimera”, “Ig-" or “Fc-fusion
protein”, or “receptor-globulin.”

Immunoadhesins reported in the literature include, for
example, fusions of the T cell receptor (Gascoigne et al.
(1987) Proc. Natl. Acad. Sci. USA 84:2936-2940); CD4 (Ca-
pon et al. (1989) Nature 337:525-531; Traunecker et al.
(1989) Nature 339:68-70; Zettmeissl et al. (1990) DNA Cell
Biol. USA 9:347-353; Bym et al. (1990) Nature 344:667-
670); L-seNRG3 (homing receptor) (Watson et al. (1990) J.
Cell. Biol. 110:2221-2229); Watson et al. (1991) Nature 349:
164-167); E-seNRG3 (Mulligan et al. (1993) J. Immunol.
151:6410-17; Jacob et al.(1995) Biochemistry 34:1210-
1217); P-seNRG3 (Mulligan et al., supra; Hollenbaugh et al.
(1995) Biochemistry 34:5678-84); ICAM-1 (Stauton et al.
(1992) J. Exp. Med. 176:1471-1476; Martin et al. (1993) J.
Virol. 67:3561-68; Roep et al. (1994) Lancet 343:1590-93);
ICAM-2 (Damle et al. (1992) J. Immunol. 148:665-71);
ICAM-3 (Holness et al. (1995) J. Biol. Chem. 270:877-84);
LFA-3 (Kanner et al. (1992) J. Immnunol. 148:23-29); [.1
glycoprotein (Doherty et al. (1995) Neuron 14:57-66); TNF-
R1 (Ashkenazi et al., (1991) Proc. Natl. Acad. Sci. USA
88:10535-539); Lesslaver et al. (1991) Eur. J. Immunol.
21:2883-86; Peppel et al. (1991) J. Exp. Med. 174:1483-
1489); TNF-R2 (Zack et al. (1993) Proc. Natl. Acad. Sci.
USA 90:2335-39; Wooley et al. (1993) J. Immunol. 151:
6602-07); CD44 (Aruffo et al. (1990) Cell 61:1303-1313);
CD28 and B7 (Linsley et al. (1991) J. Exp. Med. 173:721-
730); CTLA-4 (Lisley et al. (1991) J. Exp. Med. 174:561-
569); CD22 (Stamenkovic et al. (1991) Cell 66:1133-1144);
NP receptors (Bennettetal. (1991) J. Biol. Chem. 266:23060-
23067); IgE receptor a (Ridgway and Gorman (1991) J. Cell.
Biol. 115:1448 abstr.); IFN-yR a.- and §-chain (Marsters et al.
(1995) Proc. Natl. Acad. Sci. USA 92:5401-05); trk-A, -B,
and -C (Shelton et al. (1995) J. Neurosci. 15:477-91); 1L-2
(Landolfi (1991) J. Immunol. 146:915-19); IL-10 (Zheng et
al. (1995) J. Immunol. 154:5590-5600).

The simplest and most straightforward immunoadhesin
design combines the binding region(s) of the ‘adhesin’ pro-
tein with the hinge and Fc regions of an immunoglobulin
heavy chain. Ordinarily, when preparing the NRG3-immuno-
globulin chimeras of the present invention, nucleic acid
encoding the desired NRG3 polypeptide will be fused at the
C-terminus of the desired sequence to the N-terminus of a
nucleic acid sequence encoding an immunoglobulin constant
domain sequence, however fusion to the N-terminus of the
desired NRG3 sequence is also possible. Typically, in such
fusions the encoded chimeric polypeptide will retain at least
functionally active hinge, CH2 and CH3 domains of the con-
stant region of an immunoglobulin heavy chain. Fusions are
also made to the C-terninus of the Fc portion of a constant
domain, or immediately N-terminal to the CH1 of the heavy
chain or the corresponding region of the light chain. The
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precise site at which the fusion is made is not critical; par-
ticular sites are well known and may be selected in order to
optimize the biological activity, secretion or binding charac-
teristics of the NRG3-immunoglobulin chimeras.

In a preferred embodiment, the sequence of a native,
mature NRG3 polypeptide, or a soluble form thereof such as
a (transmembrane domain-inactivated or EGF-like domain
polypeptide) form thereof, is fused to the N-terminus of the
C-terminal portion of an antibody (in particular the Fc
domain), containing the effector functions of an immunoglo-
bulin, e.g. IgG-1. It is possible to fuse the entire heavy chain
constant region to the NRG3 sequence. However, more pref-
erably, a sequence beginning in the hinge region just upstream
of'the papain cleavage site (which defines IgG Fc chemically;
residue 216, taking the first residue of heavy chain constant
region to be 114 (Kobet et al., supra), or analogous sites of
other immunoglobulins) is used in the fusion. In a particularly
preferred embodiment, the NRG3 sequence (full length or
soluble) is fused to the hinge region and CH2 and CH3 or
CH1, hinge, C142 and CH3 domains of an IgG-1, IgG-2, or
IgG-3 heavy chain. The precise site at which the fusion is
made is not critical, and the optimal site can be determined by
routine experimentation.

In some embodiments, the NRG3-immunoglobulin chime-
ras are assembled as multimers, and particularly as homo-
dimers or -tetramers (WO 91/08298). Generally, these
assembled immunoglobulins will have known unit structures.
A basic four chain structural unit is the form in which IgG,
IgD, and IgE exist. A four unit is repeated in the higher
molecular weight immunoglobulins; IgM generally exists as
a pentamer of basic four units held together by disulfide
bonds. IgA globulin, and occasionally IgG globulin, may also
exist in multimeric form in serum. In the case of multimer,
each four unit may be the same or different.

Various exemplary assembled NRG3-immunoglobulin
chimeras within the scope of the invention are schematically
diagrammed below:

(a) AC;-AC;;
(b) AC-[AC,, AC,-AC, AC,-VCpp 0or V,C,-AC,];
(©) AC;-AC-[AC,-AC,, AC,-V ,Cy, V,C;-AC, or V,C, -

VeCals
(d) AC, -V 4C - [AC,, or AC,-V,Cpp, 0r V,C,-AC];

() VC,-AC-[AC,-V,Cpp or V,C,-AC,]; and
(B) [AY,-V,C-VCorln
wherein

each A represents identical or different novel NRG3
polypeptide amino acid sequences;

V; is an immunoglobulin light chain variable domain;

V;1s an immunoglobulin heavy chain variable domain;

C, is an immunoglobulin light chain constant domain;

C,; is an immunoglobulin heavy chain constant domain;

n is an integer greater than 1;

Y designates the residue of a covalent cross-linking agent.

In the interest of brevity, the foregoing structures only
show key features; they do not indicate joining (J) or other
domains of the immunoglobulins, nor are disulfide bonds
shown. However, where such domains are required for bind-
ing activity, they shall be constructed as being present in the
ordinary locations which they occupy in the immunoglobulin
molecules.

Although the presence of an imnmunoglobulin light chain
is not required in the immunoadhesins of the present inven-
tion, an immunoglobulin light chain might be present either
covalently associated to an NRG3-immunoglobulin heavy
chain fusion polypeptide, or directly fused to the NRG3
polypeptide. In the former case, DNA encoding an immuno-
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globulin light chain is typically coexpressed with the DNA
encoding the NRG3-immunoglobulin heavy chain fusion
protein. Upon secretion, the hybrid heavy chain and the light
chain will be covalently associated to provide an immunoglo-
bulin-like structure comprising two disulfide-linked immu-
noglobulin heavy chain-light chain pairs. Methods suitable
for the preparation of such structures are, for example, dis-
closed in U.S. Pat. No.4,816,567 issued 28 Mar. 1989.

In a preferred embodiment, the immunoglobulin
sequences used in the construction of the immunoadhesins of
the present invention are from an IgG immunoglobulin heavy
chain constant domain. For human immunoadhesins, the use
of human IgG-1 and IgG-3 immunoglobulin sequences is
preferred. A major advantage of using IgG-1 is that IgG-1
immunoadhesins can be purified efficiently on immobilized
protein A. In contrast, purification of 1gG-3 requires protein
G, a significantly less versatile medium. However, other
structural and functional properties of immunoglobulins
should be considered when choosing the Ig fusion partner for
a particular inmmunoadhesin construction. For example, the
IgG-3 hinge is longer and more flexible, so it can accommo-
date larger ‘adhesin’ domains that may not fold or function
properly when fused to 1gG-1. While IgG immunoadhesins
are typically mono- or bivalent, other Ig subtypes like IgA and
IgM may give rise to dimeric or pentameric structures,
respectively, of the basic Ig homodimer unit. Multimeric
immunoadhesins are advantageous in that they can bind their
respective targets with greater avidity than their IgG-based
counterparts. Reported examples of such structures are CD4-
IgM (Traunecker et al., supra); ICAM-IgM (Martin et al.
(1993) J. Virol. 67:3561-68); and CD2-IgM (Arulanandam et
al. (1993) J. Exp. Med. 177:1439-50).

For NRG3-Ig immunoadhesins, which are designed for in
vivo application, the pharmacokinetic properties and the
effector functions specified by the Fc region are important as
well. Although IgG-1, IgG-2 and 1gG-4 all have in vivo half-
lives of 21 days, their relative potencies at activating the
complement system are different. IgG-4 does not activate
complement, and IgG-2 is significantly weaker at comple-
ment activation than IgG-1. Moreover, unlike I1gG-1, IgG-2
does not bind to Fc receptors on mononuclear cells or neu-
trophis. While IgG-3 is optimal for complement activation, its
in vivo half-life is approximately one third of the other IgG
isotypes. Another important consideration for immunoadhes-
ins designed to be used as human therapeutics is the number
of allotypic variants of the particular isotype. In general, IgG
isotypes with fewer serologically-defined allotypes are pre-
ferred. For example, IgG-1 has only four serologically-de-
fined allotypic sites, two of which (G1m and 2) are located in
the Fc region; and one of these sites G1m]1, is non-immuno-
genic. In contrast, there are 12 serologically-defined allotypes
in IgG-3, all of which are in the Fc region; only three of these
sites (G3mS5, 11 and 21) have one allotype which is nonim-
munogenic. Thus, the potential inmmunogenicity of a y3
immunoadhesin is greater than that of a y1 immunoadhesin.

NRG3-Ig immunoadhesins are most conveniently con-
structed by fusing the cDNA sequence encoding the NRG3
portion in-frame to an Ig cDNA sequence. However, fusion to
genomic Ig fragments can also be used (see, e.g. Gascoigne et
al. (1987) Proc. Natl. Acad. Sci. USA 84:2936-2940; Aruffo
et al. (1990) Cell 61:1303-1313; Stamenkovic et al. (1991)
Cell 66:1133-1144). The latter type of fusion requires the
presence of Ig regulatory sequences for expression. cDNAs
encoding IgG heavy-chain constant regions can be isolated
based on published sequence from cDNA libraries derived
from spleen or peripheral blood lymphocytes, by hybridiza-
tion or by polymerase chain reaction (PCR) techniques.
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Other derivatives of the novel NRG3s of the present inven-
tion, which possess a longer half-life than the native mol-
ecules comprise the NRG3, NRG3 fragment (such as the
EGF-like domain) or a NRG3-immunoglobulin chimera,
covalently bonded to a nonproteinaceous polymer. The non-
proteinaceous polymer ordinarily is a hydrophilic synthetic
polymer, i.e., a polymer not otherwise found in nature. How-
ever, polymers which exist in nature and are produced by
recombinant or in vitro methods are useful, as are polymers
which are isolated from native sources. Hydrophilic polyvi-
nyl polymers fall within the scope of this invention, e.g.
polyvinylalcohol and polyvinylpyrrolidone. Particularly use-
ful are polyalkylene ethers such as polyethylene glycol
(PEG); polyelkylenes such as polyoxyethylene, polyoxypro-
pylene, and block copolymers of polyoxyethylene and poly-
oxypropylene (Pluronics); polymethacrylates; carbomers;
branched or unbranched polysaccharides which comprise the
saccharide monomers D-mannose, D- and [L-galactose,
fucose, fructose, D-xylose, L-arabinose, D-glucuronic acid,
sialic acid, D-galacturonic acid, D-mannuronic acid (e.g.
polymannuronic acid, or alginic acid), D-glucosamine, D-ga-
lactosamine, D-glucose and neuraminic acid including
homopolysaccharides and heteropolysaccharides such as lac-
tose, amylopectin, starch, hydroxyethyl starch, amylose, dex-
trane sulfate, dextran, dextrins, glycogen, or the polysaccha-
ride subunit of acid mucopolysaccharides, e.g. hyaluronic
acid; polymers of sugar alcohols such as polysorbitol and
polymannitol; heparin or heparon. The polymer prior to
cross-linking need not be, but preferably is, water soluble, but
the final conjugate must be water soluble. In addition, the
polymer should not be highly immunogenic in the conjugate
form, nor should it possess viscosity that is incompatible with
intravenous infusion or injection if it is intended to be admin-
istered by such routes.

Preferably the polymer contains only a single group which
is reactive. This helps to avoid cross-linking of protein mol-
ecules. However, it is within the scope herein to optimize
reaction conditions to reduce cross-linking, or to purify the
reaction products through gel filtration or chromatographic
sieves to recover substantially homogenous derivatives.

The molecular weight of the polymer may desirably range
from about 100 to 500,000, and preferably is from about
1,000 to 20,000. The molecular weight chosen will depend
upon the nature of the polymer and the degree of substitution.
In general, the greater the hydrophilicity of the polymer and
the greater the degree of substitution, the lower the molecular
weight that can be employed. Optimal molecular weights will
be determnined by routine experimentation.

The polymer generally is covalently linked to the novel
NRG3, NRG3 fragment or to the NRG3-immunoglobulin
chimeras through a multifunctional crosslinking agent which
reacts with the polymer and one or more amino acid or sugar
residues of the NRG3 or NRG3-immunoglobulin chimera to
be linked. However, it is within the scope of the invention to
directly crosslink the polymer by reacting a derivatized poly-
mer with the hybrid, or vice versa.

The covalent crosslinking site on the NRG3 or NRG3-Ig
includes the N-terminal amino group and epsilon amino
groups found on lysine residues, as well as other amino,
imino, carboxyl, sulfhydryl, hydroxyl or other hydrophilic
groups. The polymer may be covalently bonded directly to the
hybrid without the use of a multifunctional (ordinarily
bifunctional) crosslinkling agent. Covalent binding to amino
groups is accomplished by knowNn chemistries based upon
cyanuric chloride, carbonyl diimidazole, aldehyde reactive
groups (PEG alkoxide plus diethyl acetal of bromoacetalde-
hyde; PEG plus DMSO and acetic anhydride, or PEG chlo-
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ride plus the phenoxide of 4-hydroxybenzaldehyde, succin-
imidyl active esters, activated dithiocarbonate PEG, 2.4,5-
trichlorophenylcloroformate or P-nitrophenylcloroformate
activated PEG.) Carboxyl groups are derivatized by coupling
PEG-amine using carbodiimide.

Polymers are conjugated to oligosaccharide groups by oxi-
dation using chemicals, e.g. metaperiodate, or enzymes, e.g.
glucose or galactose oxidase, (either of which produces the
aldehyde derivative of the carbohydrate), followed by reac-
tion with hydrazide or amino derivatized polymers, in the
same fashion as is described by Heitzmann et al. (1974)
PN.A.S.71:3537-41 or Bayer et al. (1979) Methods in Enzy-
mology 62:310, for the labeling of oligosaccharides with
biotin or avidin. Further, other chemical or enzymatic meth-
ods which have been used heretofore to link oligosaccharides
are particularly advantageous because, in general, there are
fewer substitutions than amino acid sites for derivatization,
and the oligosaccharide products thus will be more homog-
enous. The oligosaccharide substituents also are optionally
modified by enzyme digestion to remove sugars, e.g. by
neuraminidase digestion, prior to polymer derivatization.

The polymer will bear a group which is directly reactive
with an amino acid side chain, or the N— or C-terminus of the
polypeptide linked, or which is reactive with the multifunc-
tional cross-linking agent. In general, polymers bearing such
reactive groups are known for the preparation of immobilized
proteins. In order to use such chemistries here, one should
employ a water soluble polymer otherwise derivatized in the
same fashion as insoluble polymers heretofore employed for
protein immobilization. Cyanogen bromide activation is a
particularly useful procedure to employ in crosslinking
polysaccharides.

“Water soluble” in reference to the starting polymer means
that the polymer or its reactive intermediate used for conju-
gation is sufficiently water soluble to participate in a deriva-
tization reaction. “Water soluble” in reference to the polymer
conjugate means that the conjugate is soluble in physiological
fluids such as blood.

The degree of substitution with such a polymer will vary
depending upon the number of reactive sites on the protein,
whether all or a fragment of the protein is used, whether the
protein is a fusion with a heterologous protein (e.g. a NRG3-
immunoglobulin chimera), the molecular weight, hydrophi-
licity and other characteristics of the polymer, and the par-
ticular protein derivatization sites chosen. In general, the
conjugate contains about from 1 to 10 polymer molecules,
while any heterologous sequence may be substituted with an
essentially unlimited number of polymer molecules so long
as the desired activity is not significantly adversely affected.
The optimal degree of cross-linking is easily determined by
an experimental matrix in which the time, temperature and
other reaction conditions are varied to change the degree of
substitution, after which the ability of the conjugates to func-
tion in the desired fashion is determined.

The polymer, e.g. PEG, is cross-linked by a wide variety of
methods known per se for the covalent modification of pro-
teins with nonproteinaceous polymers such as PEG. Certain
of these methods, however, are not preferred for the purposes
herein. Cyanuronic chloride chemistry leads to many side
reactions, including protein cross-linking. In addition, it may
be particularly likely to lead to inactivation.of proteins con-
taining sulthydryl groups. Carbonyl diimidazole chemistry
(Beauchamp et al. (1983) Anal Biochem. 131:25-33) requires
high pH (>8.5), which can inactivate proteins. Moreover,
since the “activated PEG” intermediate can react with water,
a very large molar excess of “activated PEG” over protein is
required. The high concentrations of PEG required for the
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carbonyl diimidazole chemistry also led to problems in puri-
fication, as both gel filtration chromatography and hydro-
philic interaction chromatography are adversely affected. In
addition, the high concentrations of “activated PEG” may
precipitate protein, a problem that per se has been noted
previously (Davis, U.S. Pat. No. 4,179,337). On the other
hand, aldehyde chemistry (Royer, U.S. Pat. No. 4,002,531) is
more efficient since it requires only a 40-fold molar excess of
PEG and a 1-2 hr incubation. However, the manganese diox-
ide suggested by Royer for preparation of the PEG aldehyde
is problematic “because of the pronounced tendency of PEG
to form complexes with metal-based oxidizing agents™ (Har-
ris et al. (1984) J. Polym. Sci. Polym. Chem. Ed. 22:341-52).
The use of a Moffatt oxidation, utilizing DMSO and acetic
anhydride, obviates this problem. In addition, the sodium
borohydride suggested by Royer must be used at high pH and
has a significant tendency to reduce disulfide bonds. In con-
trast, sodium cyanoborohydride, which is effective at neutral
pH and has very little tendency to reduce disulfide bonds is
preferred.

The long half-life conjugates of this invention are sepa-
rated from the unreacted starting materials by gel filtration.
Heterologous species of the conjugates are purified from one
another in the same fashion. The polymer also may be water-
insoluble, as a hydrophilic gel.

The novel NRG3s may be entrapped in microcapsules pre-
pared, for example, by coacervation techniques or by interfa-
cial polymerization, in colloidal drug delivery systems (e.g.
liposomes, albumin microspheres, microemulsions, nano-
particles and nanocapsules), or in macroemulsions. Such
techniques are disclosed in Remington’s Pharmaceutical Sci-
ences, 16th Edition, Osol, A., Ed. (1980).

H. Antibody Preparation.

(1) Polyclonal Antibodies

Polyclonal antibodies to a NRG3, or fragment thereof
(such as the EGF-like domain) of the present invention gen-
erally are raised in animals by multiple subcutaneous (sc) or
intraperitoneal (ip) injections of the NRG3 and an adjuvant. It
may be useful to conjugate the NRG3 or a fragment contain-
ing the target amino acid sequence to a protein that is immu-
nogenic in the species to be immnunized, e.g. keyhole limpet
hemocyanin, serum albumin, bovine thyroglobulin, or soy-
bean trypsin inhibitor using a bifunctional or derivatizing
agent, for example maleimidobenzoyl sulfosuccinimide ester
(conjugation through cysteine residues), N-hydroxysuccin-
imide (through lysine residues), glutaraldehyde, succinic
anhydride, SOCl,, or R'N=C=NR, where R and R*' are
different alkyl groups.

Animals are immunized against the immunogenic conju-
gates or derivatives by combining 1 mg or 1 pg of conjugate
(for rabbits or mice, respectively) with 3 volumes of Freud’s
complete adjuvant and injecting the solution intradermally at
multiple sites. One month later the animals are boosted with
5 to V1o the original amount of conjugate in Freud’s complete
adjuvant by subcutaneous injection at multiple sites. 7 to 14
days later the animals are bled and the serum is assayed for
anti-NRG3 antibody titer. Animals are boosted until the titer
plateaus. Preferably, the animal boosted with the conjugate of
the same NRG3, but conjugated to a different protein and/or
through a different cross-linking reagent. Conjugates also can
be made in recombinant cell culture as protein fusions. Also,
aggregating agents such as alum are used to enhance the
immune response.

(i1) Monoclonal Antibodies

Monoclonal antibodies are obtained from a population of
substantially homogeneous antibodies, i.e., the individual
antibodies comprising the population are identical except for
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possible naturally-occurring mutations that may be present in
minor amounts. Thus, the modifier “monoclonal” indicates
the character of the antibody as not being a mixture of discrete
antibodies. For example, the anti-NRG3 monoclonal antibod-
ies of the invention may be made using the hybridoma method
first described by Kohler and Milstein (1975) Nature 256:
495, or may be made by recombinant DNA methods (Cabilly,
etal., U.S. Pat. No. 4,816,567).

DNA encoding the monoclonal antibodies of the invention
is readily isolated and sequenced using conventional proce-
dures (e.g., by using oligonucleotide probes that are capable
of'binding specifically to genes encoding the heavy and light
chains of murine antibodies). The hybridoma cells of the
invention serve as a preferred source of such DNA. Once
isolated, the DNA may be placed into expression vectors,
which are then transfected into host cells such as simian COS
cells, Chinese hamster ovary (CHO) cells, or myeloma cells
that do not otherwise produce immunoglobulin protein, to
obtain the synthesis of monoclonal antibodies in the recom-
binant host cells. The DNA also may be modified, for
example, by substituting the coding sequence for human
heavy and light chain constant domains in place of the
homologous murine sequences, Morrison, et al. (1984) Proc.
Nat. Acad. Sci. 81:6851, or by covalently joining to the
immunoglobulin coding sequence all or part of the coding
sequence for a non-immunoglobulin polypeptide. In that
manner, “chimeric” or “hybrid” antibodies are prepared that
have the binding specificity of a NRG3 monoclonal antibody
herein.

Typically such non-immunoglobulin polypeptides are sub-
stituted for the constant domains of an antibody of the inven-
tion, or they are substituted for the variable domains of one
antigen-combining site of an antibody of the invention to
create a chimeric bivalent antibody comprising one antigen-
combining site having specificity for a NRG3 and another
antigen-combining site having specificity for a different anti-
gen.

Chimeric or hybrid antibodies also may be prepared in
vitro using known methods in synthetic protein chemistry,
including those involving crosslinking agents. For example,
immunotoxins may be constructed using a disulfide exchange
reaction or by forming a thioether bond. Examples of suitable
reagents for this purpose include iminothiolate and methyl-
4-mercaptobutyrimidate.

For diagnostic applications, the antibodies of the invention
typically will be labeled with a detectable moiety. The detect-
able moiety can be any one which is capable of producing,
either directly or indirectly, a detectable signal. For example,
the detectable moiety may be a radioisotope, such as *H, *C,
32p 35§ or '2°1, a fluorescent or chemiluminescent com-
pound, such as fluorescein isothiocyanate, rhodamine, or
luciferin; biotin; radioactive isotopic labels, such as. e.g., **°1,
32p, 14C, or *H, or an enzyme, such as alkaline phosphatase,
beta-galactosidase or horseradish peroxidase.

Any method known in the art for separately conjugating the
antibody to the detectable moiety may be employed, includ-
ing those methods described by Hunter, et al. (1962) Nature
144:945; David, et al. (1974) Biochemistry 13:1014; Pain, et
al. (1981) J. Immunol. Meth. 40:219; and Nygren (1982) J.
Histochem. and Cytochem. 30:407.

The antibodies of the present invention may be employed
in any known assay method, such as competitive binding
assays, direct and indirect sandwich assays, and immunopre-
cipitation assays. Zola, Monoclonal Antibodies: A Manual of
Techniques, pp.147-158 (CRC Press, Inc., 1987).
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(ii1) Humanized Antibodies

Methods for humanizing non-human antibodies are well
known in the art. Generally, a humanized antibody has one or
more amino acid residues introduced into it from a source
which is non-human. These non-human amino acid residues
are often referred to as “import” residues, which are typically
taken from an “import” variable domain. Humanization can
be essentially performed following the method of Winter and
co-workers (Jones et al. (1986) Nature 321:522-525; Riech-
mann et al. (1988) Nature 332:323-327; Verhoeyen et al.
(1988) Science 239:1534-1536), by substituting rodent
CDRs or CDR sequences for the corresponding sequences of
a human antibody. Accordingly, such “humanized” antibod-
ies are chimeric antibodies (Cabilly, supra), wherein substan-
tially less than an intact human variable domain has been
substituted by the corresponding sequence from a non-human
species. In practice, humanized antibodies are typically
human antibodies in which some CDR residues and possibly
some FR residues are substituted by residues from analogous
sites in rodent antibodies.

It is important that antibodies be humanized with retention
ot high affinity for the antigen and other favorable biological
properties. To achieve this goal, according to a preferred
method, humanized antibodies are prepared by a process of
analysis of the parental sequences and various conceptual
humanized products using three dimensional models of the
parental and humanized sequences. Three dimensional
immunoglobulin models are commonly available and are
familiar to those skilled in the art. Computer programs are
available which illustrate and display probable three-dimen-
sional conformational structures of selected candidate immu-
noglobulin sequences. Inspection of these displays permits
analysis of the likely role of the residues in the functioning of
the candidate immunoglobulin sequence, i.e. the analysis of
residues that influence the ability of the candidate immuno-
globulin to bind its antigen. In this way, FR residues can be
selected and combined from the consensus and import
sequence so that the desired antibody characteristic, such as
increased affinity for the target antigen(s), is achieved. In
general, the CDR residues are directly and most substantially
involved in influencing antigen binding. For further details
see PCT/US93/07832, which is a continuation-in-part of
PCT/US92/05126, which references are herein incorporated
by reference in their entirety.

Alternatively, it is now possible to produce transgenic ani-
mals (e.g. mice) that are capable, upon immunization, of
producing a full repertoire of human antibodies in the absence
of endogenous immunoglobulin production. For example, it
has been described that the homozygous deletion of the anti-
body heavy chain joining region (Jar gene in chimeric and
germ-line mutant mice results in complete inhibition of
endogenous antibody production. Transfer of the human
germ-line immunoglobulin gene array in such germ-line
mutant mice will result in the production of human antibodies
upon antigen challenge. See, e.g. Jakobovits et al. (1993)
Proc. Natl. Acad. Sci. USA 90:2551-255; Jakobovits et al.
(1993) Nature 362:255-258.

(iv) Bispecific Antibodies

Bispecific antibodies are monoclonal, preferably human or
humanized, antibodies that have binding specificities for at
least two different antigens. In the present case, one of the
binding specificities is for a NRG3 of the present invention
the other one is for any other antigen, for example, another
member of the NRG3 family. Such constructs can also be
referred to as bispecific immunoadhesins.

Traditionally, the recombinant production of bispecific
antibodies is based on the coexpression of two inmmunoglo-
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bulin heavy chain-light chain pairs, where the two heavy
chains have different specificities (Millstein and Cuello
(1983) Nature 35:537-539). Because of the random assort-
ment of immunoglobulin heavy and light chains, these hybri-
domas (quadromas) produce a potential mixture of 10 difter-
ent antibody molecules, of which only one has the correct
bispecific structure. The purification of the correct molecule,
which is usually done by affinity chromatography steps, is
rather cumbersome, and the product yields are low. Similar
procedures are disclosed in PCT application publication No.
WO 93/08829 (published 13 May 1993), and in Traunecker et
al. (1991) EMBO 10:3655-3659. This problem may be over-
come by selecting a common light chain for each arm o the
bispecific antibody such that binding specificity of each anti-
body is maintained, as disclosed in U.S. application Ser. No.
08/850038, filed May 5, 1997.

According to a different and more preferred approach,
antibody variable domains with the desired binding specifici-
ties (antibody-antigen combining sites) are fused to immuno-
globulin constant domain sequences. The fusion preferably is
with an immunoglobulin heavy chain constant domain, com-
prising at least part of the hinge, and second and third constant
regions of an immunoglobulin heavy chain (CH2 and CH3).
It is preferred to have the first heavy chain constant region
(CH1) containing the site necessary for light chain binding,
present in at least one of the fusions. DNAs encoding the
immunoglobulin heavy chain fusions and, if desired, the
immunoglobulin light chain, are inserted into separate
expression vectors, and are cotransfected into a suitable host
organism. This provides for great flexibility in adjusting the
mutual proportions of the three polypeptide fragments in
embodiments when unequal ratios of the three polypeptide
chains used in the construction provide the optimum yields. It
is, however, possible to insert the coding sequences for two or
all three polypeptide chains in one expression vector when the
expression of at least two polypeptide chains in equal ratios
results in high yields or when the ratios are of no particular
significance. In a preferred embodiment of this approach, the
bispecific antibodies are composed of a hybrid immunoglo-
bulin heavy chain with a first binding specificity in one arm,
and a hybrid immunoglobulin heavy chain-light chain pair
(providing a second binding specificity) in the other arm. It
was found that this asymmetric structure facilitates the sepa-
ration of the desired bispecific compound from unwanted
immunoglobulin chain combinations, as the presence of an
immunoglobulin light chain in only one half of the bispecific
molecule provides for a facile way of separation. This
approach is disclosed in PCT application WO 94/04690 pub-
lished 3 Mar. 1994.

For further details of generating bispecific antibodies see,
for example, Suresh et al. (1986) Methods in Enzymology
121:210.

(v) Heteroconjugate Antibodies

Heteroconjugate antibodies are also within the scope of the
present invention. Heteroconjugate antibodies are composed
of'two covalently joined antibodies. Such antibodies have, for
example, been proposed to target immune system cells to
unwanted cells (U.S. Pat. No. 4,676,980), and for treatment of
HIV infection (PCT application publication Nos. WO
91/00360 and WO 92/200373; EP 03089). Heteroconjugate
antibodies may be made using any convenient cross-linking
methods. Suitable cross-linking agents are well known in the
art, and are disclosed in U.S. Pat. No. 4,676,980, along with a
number of cross-linking techniques.

1. Diagnostic Kits and Articles of Manufacture.

Since the invention provides a diagnostic assay (i.e. for
detecting neurological disorders and for detecting the pres-
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ence of NRG3 in a sample using antibodies or DNA markers)
as a matter of convenience, the reagents for these assays can
be provided in a kit, i.e., a packaged combination of reagents,
for combination with the sample to be tested. The compo-
nents of the kit will normally be provided in predetermined
ratios. Thus, a kit may comprise the antibody or NRG3 (DNA
or polypeptide or fragment thereof) labeled directly or indi-
rectly with a suitable label. Where the detectable label is an
enzyme, the kit will include substrates and cofactors required
by the enzyme (e.g. a substrate precursor which provides the
detectable chromophore or fluorophore). In addition, other
additives may be included such as stabilizers, buffers and the
like. The relative amounts of the various reagents may be
varied widely to provide for concentrations in solution of the
reagents which substantially optimize the sensitivity of the
assay. Particularly, the reagents may be provided as dry pow-
ders, usually lyophilized, including excipients which on dis-
solution will provide a reagent solution having the appropri-
ate concentration. The kit also suitably includes instructions
for carrying out the bioassay.

In another embodiment of the invention, an article of
manufacture containing materials useful for the treatment of
the neurological disorders described herein is provided. The
article of manufacture comprises a container and a label.
Suitable containers include, for example, bottles, vials,
syringes, and test tubes. The containers may be formed from
a variety of materials such as glass or plastic. The container
holds a composition which is effective for treating the condi-
tion and may have a sterile access port (for example the
container may be an intravenous solution bag or a vial having
a stopper pierceable by a hypodermic injection needle). The
active agent in the composition is. NRG3 or an agonist or
antagonist thereof. The label on, or associated with, the con-
tainer indicates that the composition is used for treating the
condition of choice. The article of manufacture may further
comprise a second container comprising a pharmaceutically-
acceptable buffer, such as phosphate-buffered saline, Ring-
er’s solution and dextrose solution. It may further include
other materials desirable from a commercial and user stand-
point, including other buffers, diluents, filters, needles,
syringes, and package inserts with instructions for use.

J. Peptide and Non-Peptide Analogs.

Peptide analogs of the NRG3s of the present invention are
modeled based upon the three-dimensional structure of the
native polypeptides. Peptides may be synthesized by well
known techniques such as the solid-phase synthetic tech-
niques initially described in Merrifield (1963) J. Am. Chem.
Soc. 15:2149-2154. Other peptide synthesis techniques are,
for examples, described in Bodanszky et al., Peptide Synthe-
sis, John Wiley & Sons, 2nd Ed., 1976, as well as in other
reference books readily available for those skilled inthe art. A
summary of peptide synthesis techniques may be found in
Stuart and Young, Solid Phase Peptide Synthelia, Pierce
Chemical Company, Rockford, I11. (1984). Peptides may also
be prepared by recombinant DNA technology, using a DNA
sequence encoding the desired peptide.

In addition to peptide analogs, the present invention also
contemplates non-peptide (e.g. organic) compounds which
display substantially the same surface as the peptide analogs
of the present invention, and therefore interact with other
molecules in a similar fashion.

K. Uses of the NRG3s.

Amino acid sequence variants of the native NRG3s of the
present invention may be employed therapeutically to com-
pete with the normal binding of the native proteins to their
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receptor, ErbB4. The NRG3 amino acid sequence variants
are, therefore, useful as competitive inhibitors of the biologi-
cal activity of native NRG3s.

Native NRG3s and their amino acid sequence variants are
useful in the identification and purification of the native
ErbB4 receptor. The purification is preferably performed by
immunoadhesins comprising a NRG3 amino acid sequence
retaining the qualitative ability of a native NRG3 of the
present invention to recognize its native ErbB4 receptor.

The native NRG3s of the present invention are further
useful as molecular markers of the tissues in which the ErbB4
receptor is expressed.

Furthermore, the NRG3s, preferably the EGF-like domain
of the NRG3 of the present invention, provide valuable
sequence motifs which can be inserted or substituted into
other native members of the NRG3 family of molecules, such
as the heregulins. The alteration of these native proteins by the
substitution or insertion of sequences from the novel NRG3s
of the present invention can yield variant molecules with
altered biological properties, such as receptor binding affinity
or receptor specificity. For example, one or more NRG3
domains of another member of the NRG3 family may be
entirely or partially replaced by NRG3 domain sequences
derived from the NRG3s of the present invention. Similarly,
EGF-like domain sequences from the NRG3s herein may be
substituted or inserted into the amino acid sequences of other
NRG3s.

Nucleic acid encoding the NRG3s of the present invention
is also useful in providing hybridization probes for searching
c¢DNA and genomic libraries for the coding sequence of other
NRG3s.

Additionally, NRG3s of the invention are useful in kits for
the diagnosis of disease related to NRG3 and for methods of
detecting the presence or absence of NRG3 in a sample, such
as a body fluid, as described herein.

Binding and activation of the ErbB4 receptor by NRG3 is
expected to mediate such physiological responses in cells
expressing the ErbB4 receptor as cell growth, cell prolifera-
tion, and cell differentiation particularly in neural tissue. As a
result, mammalian NRG3, or an ErbB4 receptor binding and
activating fragment thereof, is useful in the treatment of dis-
eases in which neural cell growth, proliferation and/or difter-
entiation alleviate symptoms of the disease. The NRG3 may
be the full length amino acid sequence of the murine NRG3
(SEQ ID NO:2) or the human NRG3s (SEQ ID NO:6 or SEQ
1D NO:23); the full length amino acid sequence from another
mammalian species having at least approximately 75%
homology to the murine and human NRG3 at the amino acid
level, preferably about 90% amino acid sequence homology
in the EGF-like binding domain; and an amino acid sequence
comprising the EGF-like domain of NRG3, which sequence
binds to the ErbB4 receptor. Where the NRG3 or ErbB4
receptor binding fragment is agonist, the NRG3 or fragment
binds to and activates ErbB4 receptor. wMhere the NRG3 or
fragment is an antagonist, the NRG3 or fragment binds to but
does not activate ErbB4 receptor, thereby preventing activa-
tion by the naturally occurring NRG3 or agonist.

Diseases treatable by administration of NRG3 or an ago-
nist thereof (such as a polypeptide comprising an NRG3
EGF-like domain) include, but are not limited to, disorders
that may arise in a patient in whom the nervous system has
been damaged by, e.g., trauma, surgery, stroke, ischemia,
infection, metabolic disease, nutritional deficiency, malig-
nancy, or toxic agents; motoneuron disorders, such as amyo-
trophic lateral sclerosis (Lou Gehrig’s disease), Bell’s palsy,
and various conditions involving spinal muscular atrophy, or
paralysis; human “neurodegenerative disorders”, such as
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Alzheimer’s disease, Parkinson’s disease, epilepsy, multiple
sclerosis, Huntington’s chorea, Down’s Syndrome, nerve
deafness, and Meniere’s disease; neuropathy, and especially
peripheral, referring to a disorder affecting the peripheral
nervous system, most often manifested as one or a combina-
tion of motor, sensory, sensorimotor, or autonomic neural
dysfunction, such as distal sensorimotor neuropathy, or auto-
nomic neuropathies including reduced motility of the gas-
trointestinal tract or atony of the urinary bladder. Examples of
neuropathies associated with systemic disease include post-
polio syndrome; examples of hereditary neuropathies include
Charcot-Marie-Tooth disease, Refsum’s disease, Abetalipo-
proteinemia, Tangier disease, Krabbe’s disease, Metachro-
matic leukodystrophy, Fabry’s disease, and Dejerine-Sottas
syndrome; and examples of neuropathies caused by a toxic
agent include those caused by treatment with a chemothera-
peutic agent such as vincristine, cisplatin, methotrexate, or
3'-azido-3'-deoxythymidine. Also, NRG3 or biologically
active fragments thereof (such as an EGF-like domain of an
NRG3) may be used to treat diseases of skeletal muscle of
smooth muscle, such as muscular dystrophy or discases
caused by skeletal or smooth muscle wasting.

Semipermeable, implantable membrane devices are useful
as means for delivering drugs in certain circumstances. For
example, cells that secrete soluble NRG3, or agonist thereof,
or chimeras can be encapsulated, and such devices can be
implanted into a patient, for example, into the brain of
patients suffering from Parkinson’s Disease. See, U.S. Pat.
No. 4,892,538 of Aebischer et al.; U.S. Pat. No. 5,011,472 of
Aebischer et al.; U.S. Pat. No. 5,106,627 of Aebischer et al.;
PCT Application WO 91/10425; PCT Application WO
91/10470; Winn et al. (1991) Exper. Neurology 113:322-329;
Aebischer et al. (1991) Exper. Neurology 111:269-275; and
Tresco et al. (1992) ASAIO 38:17-23. Accordingly, also
included is a method for preventing or treating damage to a
nerve or damage to other NRG3-expressing or NRG3-re-
sponsive cells, e.g. brain, heart, or kidney cells, as taught
herein, which method comprises implanting cells that secrete
NRG3, or fragment or agonist thereof, or antagonist as may
be required for the particular condition, into the body of
patients in need thereof. Finally, the present invention
includes an implantation device, for preventing or treating
nerve damage or damage to other cells as taught herein,
containing a semipermeable membrane and a cell that
secretes NR(G3, or fragment or agonist thereof, (or antagonist
as may be required for the particular condition) encapsulated
within the membrane, the membrane being permeable to
NRG3, or fragment agonist thereof, and impermeable to fac-
tors from the patient detrimental to the cells. The patient’s oun
cells, transformed to produce NRG3 ex vivo, could be
implanted directly into the patient, optionally wvithout such
encapsulation. The methodology for the membrane encapsu-
lation of living cells is familiar to those of ordinary skill in the
art, and the preparation of the encapsulated cells and their
implantation in patients may be accomplished readily as is
known in the art. The present invention includes, therefore, a
method for preventing or treating cell damage, preferably
nerve damage, by implanting cells into the body of a patient
in need thereof, the cells either selected for their natural
ability to generate NRG3, or fragment or agonist thereof, or
engineered to secrete NRG3, or fragment or agonist thereof.
Preferably, the secreted NRG3 is soluble, human NRG3 when
the patient is human. The implants are preferably non-immu-
nogenic and/or prevent immunogenic implanted cells from
being recognized by the immune system. For CNS delivery, a
preferred location for the implant is the cerebral spinal fluid of
the spinal cord.
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The administration of the NRG3, fragment or variant
thereof, of the present invention can be done in a variety of
ways, e.g., those routes known for specific indications,
including, but not limited to, orally, subcutaneously, intrave-
nously, intracerebrally, intranasally, transdermally, intraperi-
toneally, intramuscularly, intrapulmonary, vaginally, rectally,
intraarterially, intralesionally, intraventricularly in the brain,
or intraocularly. The NRG3 may be administered continu-
ously by infusion into the fluid reservoirs of the CNS,
although bolus injection is acceptable, using techniques well
known in the art, such as pumps or implantation. Sustained
release systems can be used. Where the disorder permits, one
may formulate and dose the NRG3 variant for site-specific
delivery. Administration can be continuous or periodic.
Administration can be accomplished by a constant- or pro-
grammable-flow implantable pump or by periodic injections.

Semipermeable, implantable membrane devices are useful
as means for delivering drugs in certain circumstances. For
example, cells that secrete soluble NGF variant can be encap-
sulated, and such devices can be implanted into a patient, for
example, into the brain or spinal chord (CSF) of a patient
suffering from Parkinson’s Disease. See, U.S. Pat. No. 4,892,
538 of Aebischer et al.; U.S. Pat. No. 5,011,472 of Aebischer
etal.; U.S. Pat. No. 5,106,627 of Aebischer et al.; PCT Appli-
cation WO 91/10425; PCT Application WO 91/10470; Winn
etal. (1991) Exper. Neurology 113:322-329; Aebischer et al.
(1991) Exper. Neurology 111:269-275; and Tresco et al.
(1992) ASAIO 18:17-23. Finally, the present invention
includes an implantation device, for preventing or treating
nerve damage or damage to other cells as taught herein,
containing a semipermeable membrane and a cell that
secretes an NRG3, the cell being encapsulated wcithin the
membrane, and the membrane being permeable to NRG3, but
impermeable to factors from the patient detrimental to the
cells. The patient’s own cells, transformed to produce NRG3
ex vivo, optionally could be implanted directly into the
patient without such encapsulation. The methodology for the
membrane encapsulation of living cells is familiar to those of
ordinary skill in the art, and the preparation of the encapsu-
lated cells and their implantation in patients may be accom-
plished readily as is known in the art. Preferably, the secreted
NRG3, fragment or variant thereof, is a human NRG3 when
the patient is human. The implants are preferably non-immu-
nogenic and/or prevent immunogenic implanted cells from
being recognized by the immune system. For CNS delivery, a
preferred location for the implant is the cerebral spinal fluid of
the spinal cord.

The pharmaceutical compositions of the present invention
comprise a NRG3 in a form suitable for administration to a
patient. In the preferred embodiment, the pharmaceutical
compositions are in a water soluble form, and may include
such physiologically acceptable materials as carriers, excipi-
ents, stabilizers, buffers, salts, antioxidants, hydrophilic poly-
mers, amino acids, carbohydrates, ionic or nonionic surfac-
tants, and polyethylene or propylene glycol. The NRG3 may
be in a time-release form for implantation, or may be
entrapped in microcapsules using techniques well known in
the art.

An effective amount of NRG3 or NRG3 agonist or antago-
nist to be employed therapeutically will depend, for example,
upon the therapeutic objectives, the route of administration,
and the condition of the patient. Accordingly, it will be nec-
essary for the therapist to titer the dosage and modity the route
of'administration as required to obtain the optimal therapeutic
effect. A typical daily dosage might range from about 10
ng/kg to up to 100 mg/kg of patient body weight or more per
day, preferably about 1 ug/kg/day to 10 mg/kg/day. Typically,
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the clinician will administer NRG3 or NRG3 agonist or
antagonist until a dosage is reached that achieves the desired
effect for treatment of the above mentioned disorders.

L. Transgenic and Knockout Animals

Nucleic acids which encode novel NRG3 from non-human
species, such as the murine NRG3, can be used to generate
either transgenic animals or “knock out” animals which, in
turn, are useful in the development and screening of thera-
peutically useful reagents. A transgenic animal (e.g., a
mouse) is an animal having cells that contain a transgene,
which transgene was introduced into the animal or an ances-
tor of the animal at a prenatal, e.g., an embryonic stage. A
transgene is a DNA which is integrated into the genome of a
cell from which a transgenic animal develops. In one embodi-
ment, murine cDNA encoding NRG3 or an appropriate
sequence thereof can be used to clone genomic DNA encod-
ing NRG3 in accordance with established techniques and the
genomic sequences used to generate transgenic animals that
contain cells which express DNA encoding NRG3. Methods
for generating transgenic animals, particularly animals such
as mice, have become conventional in the art and are
described, for example, in U.S. Pat. Nos. 4,736,866 and
4,870,009. Typically, particular cells, such as neuronal cells,
would be targeted for NRG3 transgene incorporation with
tissue-specific enhancers, which could result in altered cell
differentiation, cell proliferation, or cellular apoptosis,
depending upon the ligand interaction with the expressed
polypeptide. Transgenic animals that include a copy of a
transgene encoding NRG3 introduced into the germ line of
the animal at an embryonic stage can be used to examine the
effect ofincreased expression of DNA encoding NRG3. Such
animals can be used as tester animals for reagents thought to
confer protection from, for example, diseases associated with
abnormal neuronal differentiation and neuronal cell prolif-
eration, for example. In accordance with this facet of the
invention, an animal is treated with the reagent and a reduced
incidence of'the disease, compared to untreated animals bear-
ing the transgene, would indicate a potential therapeutic inter-
vention for the disease.

Alternatively, the non-human homologues of NRG3 can be
used to construct a NRG3 “knock out” animal which has a
defective or altered gene encoding NRG3 as a result of
homologous recombination between the endogenous gene
encoding NRG3 and altered genomic DNA encoding NRG3
introduced into an embryonic cell of the animal. For example,
murine cDNA encoding NRG3 can be used to clone genomic
DNA encoding NRG3 in accordance with established tech-
niques. A portion of the genomic DNA encoding NRG3 can
be deleted or replaced with another gene, such as a gene
encoding a selectable marker which can be used to monitor
integration. Typically, several kilobases of unaltered flanking
DNA (both at the 5' and 3' ends) are included in the vector (see
e.g., Thomas and Capecchi, Cell 51:503 (1987) for a descrip-
tion of homologous recombination vectors). The vector is
introduced into an embryonic stem cell line (e.g., by elec-
troporation) and cells in which the introduced DNA has
homologously recombined with the endogenous DNA are
selected (see, e.g., Lietal., Cell 69: 915 (1992)). The selected
cells are then injected into a blastocyst of an animal (e.g., a
mouse) to form aggregation chimeras (see, e.g., Bradley, in
Teratocarcinomas and Embryonic Stem Cells: A Practical
Approach, E. J. Robertson, ed. (IRL, Oxford, 1987), pp. 113-
152). A chimeric embryo can then be implanted into a suitable
pseudopregnant female foster animal and the embryo brought
to term to create a “knock out” animal. Progeny harboring the
homologously recombined DNA in their germ cells can be
identified by standard techniques and used to breed animals in
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which all cells of the animal contain the homologously
recombined DNA. Knockout animals can be used in the selec-
tion of potential therapeutic agents, such as NRG3 agonists,
that restore the cellular processes initiated or maintained by
native NRG3; or the knockout animals can be used in the
study of the effects of nrg3 mutations.

The instant invention is shown and described herein in
what is considered to be the most practical, and the preferred
embodiments. It is recognized, however, that departures may
be made therefrom which are within the scope of the inven-
tion, and that obvious modifications will occur to one skilled
in the art upon reading this disclosure.

EXAMPLES

The following examples are provided so as to provide those
of ordinary skill in the art with a complete disclosure and
description of how to make the compounds and compositions
of the invention and how to practice the methods of the
invention and are not intended to limit the scope of what the
inventors regard as their invention. Efforts have been made to
insure accuracy vith respect to numbers used (e.g. amounts,
temperature, etc.), but some experimental errors and devia-
tion should be accounted for. Unless indicated otherwise,
parts are parts by weight, temperature is in degrees C, and
pressure is at or near atmospheric.

Example 1

Molecular Cloning of a Mouse and Human Novel
NRG3

Novel NRG3 ¢DNAs were identified using an expressed
sequence tag shown below: AATTTCTGCCGAAAACT-
GATTCCATCTTATCGGATCCAACAGAC-
CACTTGGGGATT GAATTCATGGAGAGTGAA-
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GAAGTTTATCAAAGGCAGGTGCTGTCAATTTCATGTAT

CATCTTTGGAATTGTCATCGTGGGCAT-
GTTCTGTGCAGCATTCTACTTCAAAAGCAA GAAA-
CAAGCTAAACAAATCCAAGAGCAGCT-
GAAAGTGCCACAAAATGGTAAAAGC
TACAGTCTCAAAGCATCCAGCACAATG-
GCAAAGTCAGAGAACTTGGTGAAGAGCCA TGTC-
CAGCTGCAAAATAAAATGTCAGGCTTCT-
GAGCCCAAGCTAAGCCATCATATC
CCCTGTXGACCTGCACGTGCACATCCX-
GATGGCCCGTTTCCTGCCTTTTXTGATGAC ATTTX-
CACCACAAATGXAGTGAAAATGGGX-
CTTTTCXTGCCTTAACTGGTTGACXT
TTTTXCCCCAAAAGGAG (EST,; SEQ ID NO:21; Gen-
bank entry H23651) from the National Center for Biotech-
nology Information (NCBI) database of ESTs. This EST from
ahuman brain cDNA library, encodes an amino acid sequence
having approximately 62% identity to amino acids 232-316
of heregulin-p1 (also designated neuregulin-f1, or NRG1 ).

To obtain a partial human cDNA clone, a 50-base single
stranded oligonucleotide probe (5'-TGGTAAAAGCTA-
CAGTCTCAAAGCATCCAGCACAATG-
GCAAAGTCAGAGA-3"; SEQ ID NO:18) was synthesized
based on the EST sequence. The probe was used to screen
1.5%x10° plaques from a Agtl0 cDNA library prepared from
human fetal brain RNA (HL3003a, Clontech) as described by
Godowski et al. (Godowski, P. J. et al. (1989) PNAS USA
86:8083-8087, herein incorporated. by reference in its
entirety). Nine positive plaques were obtained and the
sequences of both strands of the largest inserts were deter-
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mined by standard sequencing techniques. From these cloned
overlapping sequences, a partial cDNA sequence of the
human NRG3 was obtained.

Additional 5' human NRG3 sequence was obtained by
anchored PCR of human hippocampus RNA (Clontech). The
complete human open reading frame nucleic acid sequence
deduced from direct sequencing of hNRG3B1 cDNA is
shown in FIG. 2 (SEQ ID NO:5). ATCC deposit 209157 is
nucleic acid comprising an expression vector and the nucle-
otide sequence of the human NRG3B1 open reading frame.
An alternatively spliced form of human NRG3 was cloned as
pRKS.tk.neo hNRG3B2 (SEQ ID NO:22) ATCC deposit
209297 encoding the deduced amino acid sequence of SEQ
1D NO:23, which amino acid sequence lacks amino acids 529
10 552 of SEQ ID NO:6 (see FIG. 4B). Since this alternatively
spliced form of human NRG3 comprises the EGF-like
domain of the other NRG3s as well as high amino acid
sequence homology, it is expected to exhibit the biological
properties of the NRG3s disclosed herein.

To clone murine NRG3 ¢cDNA sequences, two degenerate
primers were designed based on regions proximal to the trans-
membrane domain of the partial human CDNA, encoding the
amino acid sequences NDGECFVI (SEQ ID NO: 19) and
EFMESEEVY (SEQ ID NO:20). A mouse brain cDNA
library (Clontech, M1.1042a) was screened, and a clone (C5a)
containing a partial murine NRG3 c¢cDNA was obtained by
standard techniques. Using a probe derived from the C5a
sequence, two additional mouse brain cDNA libraries
(ML1034h, Clontech; and 936309, Stratagene) were
screened. Both strands of two overlapping murine partial
NRG3clones, SWAJ-3 and ZAP-1 were sequenced and,
together were found to encode an entire open reading frame
(ORF) of 2139 by having the DNA sequence SEQ ID NO:1
and the deduced amino acid sequence SEQ ID NO:2 shown in
FIG. 4A. Nucleic acid comprising the murine NRG3 open
reading frame cloned into an expression vector is designated
pLXSN.mNRG3(ATCC 209156).

The chromosomal localization of human NRG3 was
mapped to 10q22 by PCR analysis of somatic cell hybrid
DNA, whereas the NRG1 gene is located at 8p11-22 (Lee, J.
and Wood, W. 1. (1993) Genomics 16 :790-791; and Orr-
Urtreger, A. et al. (1993) Proc. Natl. Acad. Sci. USA 90:1867-
1871). Thus, NRG3 is a novel member of the EGF-like family
of protein ligands.

Example 2

Characterization of the Mouse and Human NRG3
Deduced Amino Acid Sequences

The ¢cDNAs of human and murine NRG3 contained open
reading frames encoding proteins of 720 and 713 amino acids
respectively, with predicted MW of 77,901 Da for human
NRG3 and 77,370 Da for murine NRG3 (FIG. 4). The two
species of NRG3 are 93% identical in amino acid sequence.

Analysis of the amino acid sequence of human NRG3
revealed that it contained homology to NRG1 family mem-
bers (i.e. 23% and 19% sequence identity to SMDF (Ho, W.
H. etal. (1995) J. Biol. Chem. 270:14523-32) and heregulin-
p1 (Holmes, W.E. etal. (1992) Science 256:1205-10) respec-
tively). A hydropathy analysis indicated two hydrophobic
segments: WC-V°! and L*%-F*** (amino acid numbers
according to human NRG3). Similar to NRG1, the C-teminal
hydrophobic segment may serve as the transmembrane
domain and the N-terminal region may act as internal signal
sequence (Wickner, W. T. and Lodish, H. F. (1985) Science
230:400-7; Sabatini, D. D. et al. (1982) J. Cell Biol. 22:1-22;
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and Blobel, G. (1980) Proc. Natl. Acad. Sci. USA 77:1496-
500). In contrast to many neuregulin family members, the
extracellular domain of NRG3 is devoid of Ig-like or kringle
domains. Instead, NRG3 contains a unique Ala/Gly rich seg-
ment at the N-terminus, a mucin-like Ser/Thr rich region
containing abundant sites for O-linked glycosylation, and an
EGF motif. There are no predicted sites for N-linked glyco-
sylation. The EGF-like domain of NRG3 is distinct from
those encoded by the NRG1 (31% identity compared with
neuregulin-f1 EGF-like domain) and NRG2 (39% identity
with neuregulin-p 1 EGF-like domain), suggesting that NRG3
is not an alternatively spliced NRG1 isoform. A diagram-
matic comparison of EGF-like domains of EGF family mem-
bers is shown in FIG. 5. The putative intracellular domain of
NRG3 contains only approximately 13% sequence identity to
the intracellular domain of NRG1. The EGF-like domains of
the EGF family members were obtained from the following
sources, each reference herein incorporated by reference in its
entirety. The sequences compared in FIG. 5 include the EGF-
like domain of human NRG3 (hNRG3.egf; SEQ ID NO:4;
disclosed herein); chicken ARIA (cARIA.egf; SEQID NO:9)
(Falls, D. L. et al. (1993) Cell 72:801-815), human amphi-
regulin (hAR.egf; SEQ ID NO:10) (Plowman, G. D. et al.
(1990) Mol. Cell. Biol. 10:1969-81.); human betacellulin
(hBTC.egf; SEQ ID NO:11) (Sasada, R. et al. (1993) Bio-
chem. Biophy. Res. Com. 190:1173-9); human EGF (hEG-
F.egf; SEQ ID NO:12)(Nagai, M. et al. (1985) Gene 36:183-
8.); human heparin-binding EGF-like growth factor (hHB-
EGF.egf; SEQ ID NO:13) (Higashiyama, S. et al. (1991)
Science 251:936-9.); human heregulin-a. (hHRGa; SEQ 1D
NO:14); human heregulin-p (hHRGf.egf; SEQ ID NO:15)
(Holmes, W. E. et al. (1992) Science 256:1205-1210); human
TGF-ao (WTGFa.egt; SEQ ID NO:16) (Derynck, R. et al.
(1984) Cell 38:287-97.); and mouse epiregulin (mEPR .egf;
SEQ ID NO:17) (Toyoda, H. et al. (1995) FEBS Lett. 377:
403-7.).

Example 3
Expression of Murine and Human NRG3

A. Northern Blot Analysis of Human tissue. The tissue
expression profile of the human NRG3 was examined by
Northern blot analysis. A multi-tissue RNA blot containing 2
ug each of poly(A)" RNA from human tissues were pur-
chased from Clontech. The region of the human NRG3
nucleic acid sequence encoding amino acids 394 to 536 was
used to generate DNA hybridization probes by PCR amplifi-
cation. The DNA probes were labeled with a->*P-dCTP by
random priming (Promega). The RNA blot was hybridized
with 50% formamide, 5xSSC, 50 mM potassium phosphate
(pH 7.0), 5x Denhardt’s, 10% dextran sulfate at 42° C. for 20
hr. The blot was washed with 0.1xSSC, 0.1% SDS at 50° C.
for 30 min and exposed in Phospholmager™. Expression of
NRG3 is mixtures of tissues was used as a guide to determine
expression in specific tissues by in situ hybridization.

B. In situ Hybridization Analysis of Mouse Tissues. For-
malin-fixed,paraffin-embedded mouse embryos (embryonic
days 13, 14, 16), and glutaraldehyde-fixed, paraffin-embed-
ded or paraformaldehyde-fixed, frozen adult mouse brain,
ovary, jejunum, kidney, adrenal, lung, stomach, spleen, skel-
etal muscle, liver and colon were sectioned and processed for
in situ hybridization by the method of Lu and Gillett (Lu, L.
H. and Gillett, N. A. (1994) Cell Vision 1:169-176) with
modifications. Briefly, the in situ hybridization probe was
generated by in vitro transcription directly from a PCR frag-
ment, rather than from a plasmid DNA as described. >2P-
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UTP-labeled sense and antisense riboprobes were generated
by labeling PCR products of a cDNA fragment encoding
amino acids C*° to N**? of murine NRG3.

C. Northern Blot And In Situ Hybridization Analyses
Reveal a Neural Expression Pattern of NRG3. A 4.4 kb
mRNA transcript that hybridized to the probe derived from
amino acids 394 to 536 of human NRG3 was highly
expressed in brain. In a Northern blot of various brain tissues,
NRG3 expression was detected at high levels in most regions
of the brain with the exception of corpus callosum. A lower
level expression of a 1.9-kb transcript was detected in testis.
The 4.4-kb transcript, but not the 1.9-kb transcript, is of
sufficient size to encode NRG3, suggesting that the smaller
transcript may encode an alternatively spliced form of NRG3.
A similar pattern of expression of NRG3 was observed in
RNA blots from murine tissues using a probe derived from the
region of murine NRG3 that overlaps the EGF-like domain.

The tissue distribution of NRG3 expression was character-
ized by in situ hybridization using tissues of embryonic and
adult mice. Atembryonic day 13 (E13) (the earliest time point
examined), NRG3 mRNA was confined to the nervous sys-
tem. A strong signal for NRG3 mRNA in the brain, spinal
cord, trigeminal, vestibular-cochlear and spinal ganglia of
embryonic day 16 (E16) mice was also demonstrated.
Regions of the telencephalon containing differentiating cells
(e.g., the cortical plate) displayed an intense NRG3 signal,
whereas the underlying regions containing proliferating or
migrating cells (ventricular and subventricular zones),
showed little expression. Thus, NRG3 appeared to be
expressed mainly in the nervous system of embryonic mice.
In adultanimals NRG3 antisense probes hybridized to mRNA
in spinal cord and numerous brain regions including deep
cerebellar nuclei, vestibular nuclei, cerebral cortex, piriform
cortex, anterior olfactory nucleus, medial habenula, hippoc-
ampus, hypothalamus and thalamus.

Example 4

Characterization of the Binding Characteristics of
NRG3 Fragments

A. Expression and Purification of NRG3*“* Fusion Pro-
tein in Mammalian Cells

To examine the binding characteristics of the NRG3 EGF-
like domain as well as to demonstrate the functionality of an
NRG3 fragment of the invention, a soluble fusion protein was
prepared comprising a sequence of EGF-like domain, which
domain has the same amino acid sequence in mouse and
human NRG3.

A secreted, epitope tagged polypeptide comprising the
EGF-like domain of murine NRG3 ¢, 3., Was constructed by
linking in the expressed N-terminal to C-terminal direction 1)
the coding sequence for the gD signal sequence and epitope
tag (Mark, M. R. et al. (1994) J. Biol. Chem. 269, 10720-
10728); 2) the sequences encoding amino acids 284-344 of
murine NRG3 (identical to human NRG3 amino acids 282 to
342); and 3) the coding sequences of the Fc portion of human
IgG, in pSAR.SDS vector (psar.SD5, from A. Shen, Genen-
tech, Inc.). The plasmid encoding these sequences was des-
ignated NRG3%“" Fc. The NRG3%“ Fc expression plasmid
was transfected using LipofectAMINE (GIBCO/BRL,
Bethesda, Md.) into DHFR-Chinese hamster ovary cells
(CHO/DP12; ATCC designation CCL 9096). Clones were
selected in glycine/hypoxanthine/thymidine minus medium
see, for example, (Sambrook, I. et al., Molecular Cloning: A
Laboratory Manual, Cold Spring Harbor Laboratory (1989)),
pooled, and expanded. The encoded fusion protein was
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expressed in cultures of the selected clones. Conditioned
media from these cells were collected and the recombinant
protein purified by a HiTrap protein A affinity column (Phar-
macia).

A monomeric fusion protein designated NRG3Z“Y.H6
fusion protein was produced in the same system as the Fc-
fusion protein and purified through a cobalt affinity column.
NRG3%%F H6 comprises the N-terminal gD tag, murine
NRG3 ¢4 344, and a coding sequence for six histidine resi-
dues. Purification was based on the affinity of the histidine
side chains for immobilized cobalt using a cobalt affinity
column (Cobalt affinity column, R. Vandlen, Genentech,
Inc.). Protein concentration was determined by BioRad Pro-
tein Assay (BioRad, Richmond, Calif.).

B. Generation of K562°"%Z Cell Lines. Stable cell lines that
expressed human ErbB2, ErbB3 or ErbB4 receptors were
derived from K562 cells (K562 cells have ATCC designation
CCL 243). ¢cDNAs of human erbB2, erbB3 and erbB4 were
from L. Bald and G. Scofter, Genentech (Sliwkowski, M. et
al. (1994), J. Biol Chem. 269:14661-14665). These cDNAs
were subcloned into CMV-based expression vectors and
introduced into the K562 human myeloid leukemia cell line
by electroporation (1180 mF, 350 V). The transfectants were
cultured in RPMI 1640 supplemented with 10% fetal bovine
serum, 2 mM glutamine, 100 U/ml penicillin, 100 mg/ml
streptomycin, and 10 mM HEPES containing 0.8 mg/ml
(G418. Resistant clones were obtained by limiting dilution,
and receptor expression was confirmed by westem blot and
NRG binding assays. Receptor expression was confirmed by
westem blot analysis using antibodies for each of the ErbB
receptors (antibodies prepared at Genentech, Inc.) Phorbol
ester stimulation was found to significantly enhance receptor
expression in both the ErbB3 and ErbB4 transfectants, and
the stably transfected K562 cell lines were cultured in
medium containing 10 ng/ml Phorbol, 12-Myristate, 12-Ac-
etate-(PMA) overnight prior to use.

C. FACS Analvsis. For each binding reaction, 5x10° stably
transfected K562 cells were suspended in PBS/2% BSA at 4°
C. for 30 min followed by incubation with 5 pg of isolated,
purified NRG3%“F Fc (MW 90 kDa) in a volume of 0.25 ml
on ice for 60 min. 1 ng of primary antibody (anti-gD or
anti-ErbB receptor) and secondary PE-conjugated (CAL-
TAG, CA., goat anti-mouse, 1:100 dilution) antibodies were
added sequentially with 30-60 min incubation time and
extensive washes before each addition. FACS analyses were
performed on a Becton & Dickson FACS instrument. Anti-gD
(5B6), anti-ErbB2 receptor (4D5), anti-ErbB3 receptor (2F9)
and anti-ErbB4 receptor (3B9) monoclonal antibodies were
prepared using standard techniques by the Monoclonal Anti-
body Group, Genentech, Inc.

D. The EGF-Like domain of NRG3 Binds Specifically to
the ErbB4 Receptor Tyrosine Kinase. To identify the
receptor(s) for NRG3, the ability of NRG3 to bind to any of
the known neuregulin receptors was investigated. Stable cell
lines were generated which expressed receptors ErbB2,
ErbB3, or ErbB4. The parental cell line K562 does not
express detectable levels of ErbB receptors (FIG. 6A).
K562°%2, K562°%* and K562°7%* cells expressed only the
corresponding receptors (FIGS. 6B-6D).

Since the EGF-like domain determines the binding speci-
ficity of NRG1 to their receptors, a protein containing an
epitope tagged version of the EGF-like domain of NRG3
fused to the Fc portion of human IgG was expressed and
purified. Using a FACS assay, it was observed that
NRG3%" F¢ bound to cells expressing ErbB4 receptor (FIG.
6H). Binding was specific in that NRG3%“” Fc did not bind to
either the parental K562 cells, or cells expressing either
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ErbB2 or ErbB3 (FIG. 6E-6G). A control fusion protein,
RSE.Fc, did not bind to any of these cell lines. This binding of
NRG35 Fc to K5629%* cells was competed in a dose-de-
pendent fashion by the EGF-like domain of heregulin-f1
(NRG1#F), but not by RSEFc, suggesting that
NRG3Z%F Fc interacts directly with ErbB4 receptors on the
cell surface.

A soluble form of the ErbB4 receptor was co-immunopre-
cipitated by NRG3# Fc in vitro, fuirther demonstrating the
binding of NRG3%%? Fc to ErbB4 receptor.

The binding of NRG3#“* Fc to ErbB4 receptor was further
analyzed by direct competitive binding assays using '*°I-
labeled NRG3*“F Fc. Purified NRG3%“F Fc was radio-iodi-
nated using the lactoperoxidase method as described by Sli-
wkowski etal. (Sliwkowski, M. X. etal. (1994) J. Biol. Chem.
269, 14661-5). The average specific activity of the radiola-
beled protein was 300 uCi/ug. Binding of **I-NRG3%“* F¢
to immobilized FErbB4.Fc was competed by either
NRG3%* Fc or EGF domain of NRG1Z? (tHRGB1,77.544)
in a concentration dependent manner.

The displacement binding assays were performed in Max-
isorp C 96-wells (Nunc, Naperville, Ill.). Goat anti-human
antibody (Bochringer Mannheim, Germany) was coated on
the plate at a concentration of 0.2 png/well in 100 pl of 50 mM
sodium carbonate buffer (pH 9.6) at 4° C., overnight. The
plate was blocked by 1% BSA in TBST buffer (25 mM Tris,
pH 7.5, 150 mM NacCl, 0.02% Tween 20) for 30 min at room
temperature (RT). A soluble form of ErbB4 receptor was
added at 15 ng/well in 1% BSA/TBST and incubated for 1.5
hr at RT. To prevent radiolabeled protein from interacting
with residual goat anti-human antibodies, 1 uM of a human-
ized monoclonal antibody (thuMAB HER2; Carter, P. et al.
(1992) Proc. Natl. Acad. Sci. USA 89:4285-9) was added to
the plate for 20 min and was included in the subsequent
binding reaction.

The competitive binding assay was then initiated by the
addition of 80 pM (200,000 cpm) of 12’ I-NRG3% Fc along
with various concentrations of unlabeled NRG3*“% Fe or
NRG1Z%F (E. coli-expressed, without Fc). NRG1" is the
EGF domain of NRG1, corresponding to amino acids 177-
244 of the neuregulin-f 1 Isoform (Holmes, W. E. et al. (1992)
Science 256:1205-10) and obtained from J. A. Lofgren,
Genentech, Inc. The final incubation volume was 100 ul in
binding buffer (F-12/DMEM medium, 50 mM HEPES,
pH7.5, 2% BSA) and the reaction was allowed to proceed at
RT for 1.5 hr. The unbound material was washed by TBST
extensively, and the bound radioactivity was counted on a
Beckman IsoData gamma-counter (Smith-Kline Beckman,
Pa.). Data was analyzed using a nonlinear regression com-
puter program.

Based on the results of the binding experiments as shown in
FIGS. 6A-6H, the estimated affinity (K,) for NRG3%“% Fc for
binding to ErbB4.Fc was determined to be 9+4 nM (n=4), and
the apparent K, of NRG1%%? was approximately 1 nM. The
shallowness of the displacement curve of NRG3%“? Fc may
be due to the fact that the NRG3*“F Fc is expressed as a
bivalent Fc fusion protein (FIG. 7). The results of the control
experiments showed that **I-NRG3%* Fc did not bind con-
trol receptor RSE.Fc in the same experiment, and RSE.Fc did
not compete ‘>*I-NRG3%“? F¢ bound to ErbB4.Fc.

E. Tyrosine Phosphorylation Assay. NRG1 binds and acti-
vates ErbB2, ErbB3 and ErbB4 receptor resulting in tyrosine
phosphorylation and downstream signaling events (Sli-
wkowski, M. X., et al. (1994), supra; Plowman, G. D. et al.
(1993) supra; and Carraway, K. L. and Cantley, L. C. (1994),
surpa). As demonstrated in the preceding example, NRG3
binds ErbB4 receptor, but not ErbB2 or ErbB3 receptors at a
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detectable level. The ability of the EGF-like domain of NRG3
(NRG,ZF) to activate ErbB4 receptor, K562%5* cells was
examined.

K562°7%5% cells or MDA-MB-453 cells (negative control;
ATCC designation HB 131) were cultured in medium lacking
serum for 12 hours and then stimulated with NRG3%“% Fc,
NRGEF H6 or NRG1E9F. K562°7254 cells were treated with
2.5 nM or 25 nM of NRG3”%*Fc for 3 min or 8 min. As a
positive control, the cells were similarly treated with
NRG159%,

ErbB4 receptor tyrosine phosphorylation was detected by
immunoprecipitation and Western blot according to the fol-
lowing procedure. Cells were lysed with lysis buffer (20 mM
Tris, pH 7.5, 100 mM NaCl, 30 mM NaF, 2 mM EDTA, 2 mM
EGTA, 0.1% SDS, 1% Triton X-100, 2 mM sodium vanadate,
2 mM sodium molybdate, 2 mM of PMSF). After removing
cell debris by centrifugaton, 1 pg of anti-ErbB4 receptor
monoclonal antibody (C-18, Santa Cruz Biotechnology,
Santa Cruz, Calif.) was added together with 20 pl of protein
A-agarose slurry (Sigma, St. Louis, Mo.). Immunoprecipita-
tion was performed at 4° C. overnight, complexes were col-
lected by centrifugation and washed three times with 1 ml
lysis buffer. Proteins were separated by reducing SDS-poly-
acrylamide gel electrophoresis (SDS-PAGE) on Novex
4%-12% minigels and transferred to nitrocellulose. The blots
were probed with peroxidase conjugated anti-phosphoty-
rosine antibody (Transduction Laboratory). The blot was
stripped and reprobed with anti-ErbB4 receptor antibody fol-
lowed by peroxidase conjugated goat anti-rabbit IgG anti-
body (Sigma) to visualize ErbB4 receptor proteins.

Based on these experiments, it was demonstrated that
NRG3%F Fe stimulated ErbB4 receptor tyrosine phospho-
rylation at both time points and in a dose dependent manner.

To confirm the ability of NRG3%“* to activate the ErbB4
receptor tyrosine phosphorylation, receptor activation in the
human breast cancer cell line MDA-MB-453 was examined.
This cell line expresses high level of ErbB2 and ErbB3 recep-
tors, and low levels of ErbB4 receptor. Treatment of MDA-
MB-453 cells with NRG3#%7 Fc or with a monomeric form
of the EGF domain (NRG3*“%.H6) resulted in substantial
increase of tyrosine phosphorylation of ErbB4 receptor.

NRG family members and other members in the EGF
family display a complex pattern of receptor binding. In most
cases, one ligand is able to bind several combinations of
receptor homo- and heterodimers (Karunagaran, D. et al.
(1996) EMBO J 15:254-264 Beerli, R. R. and Hynes, N. E.
(1996) J. Biol. Chem. 271:6071-6076). For example, NRGs
bind ErbB2/ErbB3 receptor heterodimers and ErbB4/ErbB4
receptor homodimers with high affinity but ErbB3/ErbB3
receptor homodimers with low affinity (Sliwkowski, M. X. et
al. (1994) J. Biol. Chem. 269, 14661-5, Carraway, K. L. and
Cantley, L. C. (1994) Cell 78, 5-8, Tzahar, E. et al. (1994) J.
Biol. Chem. 269, 25226-33, Carraway, K. L. r. et al. (1994) J.
Biol. Chem. 269, 14303-6, and Kita, Y. A. et al. (1994) FEBS
Lett. 349, 139-43). Betacellulin binds both EGFR and ErbB4
homodimers (Riese, D. J. et al. (1995) Mol. Cell. Biol.
15:5770-6). The EGF-like domains of EGF and NRG1 family
members determine the specificity of receptor activation
(Barbacci, E. G. etal. (1995) J. Biol. Chem. 270:9585-9589).
The limited amino acid sequence homology in the EGF-like
domains of NRG3 and NRG1 suggests that NRG3 may have
a different spectrum of receptor interactions relative to mem-
bers of the NRG family, but with potentially overlapping
binding sites, since binding of the EGF-like domain of NRG3
to ErbB4 can be competed by the EGF-like domain of NRG1.

NRG3# Fc did not bind to K562 cells that express either
ErbB2 or ErbB3 (FIG. 6E-6G), or to MDA-MB-486 cells
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which express high levels of the EGFR. An increase in phos-
phorylation of either the EGFR, ErbB2 or ErbB3 in MDA-
MB-453 cells treated with NRG3 also was not observed.

Most variants of NRGs, with the exception of the neural
specific form of SMDF, are widely expressed in numerous
tissues including brain, heart, skeletal muscle, breast, liver,
lung, among others. Betacellulin, a ligand for both EGFR and
ErbB4, also displays broad tissue expression patterns (Shing,
Y. et al. (1993) Science 259, 1604-7; Sasada, R. et al. (1993)
Biochem. Biophy. Res. Com. 190, 1173-9). In contrast, the
expression of NRG3 is strikingly restricted to neural tissues
as disclosed herein by Northern analysis and in situ hybrid-
ization. Developmentally, NRG3 mRNA can be detected as
early as E11 (but not E4) in mouse as judged by Northern blot
and E13 by in situ hybridization (the earliest age examined).
ErbB4 is predominantly expressed in brain, heart and skeletal
muscle (Plowman, G. D. et al. (1993) Proc. Natl. Acad Sci.
US4 90, 1746-50). ErbB4 was also shown to be broadly
distributed in the brains of chick embryos (E14, E17, pre-
dominantly in neurons) (Francoeur, I. R. etal. (1995) J. Neur.
Res. 41, 836-45), in rat retina cultures (Bermingham-Mc-
Donogh, O. et al. (1996) Development 122, 1427-38.), at
neuromuscular synapses (Zhu, X. et al. (1995) EMBO J. 14,
5842-8.), but not in cultured human and rat Schwann cells
(Grinspan, J. B. et al. (1996) J. Neuroscience 16, 6107-6118,
Levi, A. D. et al. (1995) J. Neuroscience 15,1329-40.).
Recently, ErbB4 was found to co-localize with GABA™ cells
(Weber, J. et al. (1996) Soc Neurosci Abstr 22, 1579.). Thus,
the same receptor may mediate distinct biological functions
in different tissues or cell types when interacted with corre-
sponding tissue-specific ligands. For example, NRG1 may
serve as a ligand for ErbB4 during heart development, beta-
cellulin may act as a mitogenic ligand for ErbB4 in variety of
cell types, while neural specific ligand(s) (such as NRG3)
may function as trophic or guidance molecules on ErbB4
receptor expressing cells in the central or peripheral nervous
systems.

Example 5

Binding and ErbB4 Receptor Tyrosine Kinase
Activation by Full Length Mouse and Human
NRG3s

A full length murine NRG3 or human NRG3 was synthe-
sized based on the murine and human consensus nucleic acid
sequences SEQ ID NO:1 and SEQ ID NO:5, respectively and
the NRG3s were expressed as amino acid sequences. Based
on the experiments described herein for the characterization
of NRG3-EGF binding and ErbB4 receptor activation, analo-
gous experiments are performed for the full length consensus
NRG3 from mouse and human sources. Adjustments to the
reaction conditions are made to optimize pH, solutes and their
concentrations, and other relevant parameters to allow ErbB4
receptor-binding of the full length consensus NRG3 and
ErbB4 receptor activation.

Alternatively, a murine or human NRG3 polypeptide frag-
ment comprising the EGF-like domain but lacking the trans-
membrane domain is synthesized and tested for ErbB4 recep-
tor binding and activation as described herein. Such a NRG3
fragment may, for example, include the extracellular domain
of a NRG3, which extracellular domain contains the EGF-
like domain.

A NRGS3 extracellular domain may optionally be fused to
an immunoglobulin constant region, as shown herein for the
NRG3-EGF-Fc fusion proteins. As an Fc fusion protein, the
NRG3 extracellular domain-Fc protein is expected to form a
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dimer. The immunoglobulin constant region is preferably
from IgG, but may also be taken from IgM, IgA and IgE and
remain within the scope of the invention.

Where a monomeric fusion protein is desired that retains
binding activity or binding and activation ability, the extra-
cellular domain is fused to, for example, a series of histidine
residues as disclosed herein for the NRG3-EGF-H6 inmmu-
noadhesion.

Adjustments to the binding reaction conditions are made to
optimize pH, solutes and their concentrations and other rel-
evant parameters to allow ErbB4 receptor-binding of the
NRG3 fragment and ErbB4 receptor activation.

Example 6

Enhancement of Cellular Proliferation

Enhancement of cellular proliferation is exemplified by the
following assay in which cells expressing ErbB4 receptor on
their surface are treated with NRG3. It is understood that
according to the invention, the cells may be treated with a
NRG3 fragment (such as the NRG3 EGF-like domain) or a
NRG3 variant.

As an example, rat retina cells which naturally express
ErbB4 receptor (Bermingham-McDonogh, O. et al. (1996)
Development 122, 1427-38) are cultured by standard tech-
niques. The cultured cells are contacted with NRG3 in a dose
dependent manner and an increase in cell number (e.g. a 30%
percent increase at 48 hours) and EC50 is determined.

NRG3 treatment may also alter the morphology of these
cells; untreated cells were multipolar with numerous
branched processes whereas NRG3-treated cells may become
spindle-shaped smooth processes and/or align themselves in
a parallel array.

NRG3 is believed to stimulate neuronal cell growth in a
dose dependent manner. NRG3 alone is expected to produce
a significant increase in neuronal cell number compared to
control medium. A synergistic effect may be observed
between other neuronal proliferation enhancers such as gas6
(growth arrest-specific gene; see, for example, Schneider et
al., Cell 54:787-793 (1988); and Manfioletti et al. in Molec.
Cell Biol. 13(8):4976-4985 (1993)) and/or hieregulin. NRG3
is expected to increase both cell number and thymidine incor-
poration as measures of cell proliferation.

NRG3 is expected to have an effect on cell morphology as
determined by viewing phase contrast micrographs of ErbB4
receptor-expressing neuronal cells grown in various media
containing NRG3 alone or NRG3 plus other cell proliferation
enhancing compounds such as heregulin, gas6, fetal bovine
serum, and the like. Photomicrographs are taken after 96
hours of culture. The cells grown in the presence of NRG3 are
expected to have processes which are not observed in cells
grown in the absence of NRG3.

Cells are stained by immunofluorescence for markers spe-
cific for the cultured neuronal cells. Briefly, passaged ErbB4
receptor-expressing neuronal cells are contacted with NRG3
and cultured for 24 hours on laminin coated Chamber slides
and fixed in 10% formalin in PBS. Fixed cells are blocked
with 10% goat serum and incubated with rabbit derived anti-
marker antibody at dilutions recommended by the distributor.
Specific binding of the primary antibody is observed by stain-
ing with goat anti-rabbit IgG (Fab'),-FITC conjugates. Cells
are counter-stained with DNA dye propidium iodide. Nega-
tive controls are run on WI-38 cells which stain negative.
Cells grown under these conditions are expected to show
100% immunofluorescent staining for the cell markers.
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The ability of NRG3 to stimulate proliferation in ErbB4
receptor-expressing neuronal cells through the ErbB4
tyrosine kinase receptors may be investigated as follows.
Cells are stimulated with various amounts of NRG3 (for
example, 0 to 200 nM) for 15 min in a 37° C. incubator. Cell
lysates are prepared and immunoprecipitation with an anti-
ErbB4 receptor antibody. Tyrosine phosphorylation of ErbB4
receptor is detected with 4G10 anti-phosphorylation anti-
body. Approximately 10° cells are grown to near confluence
in defined media. Cells are treated with NRG3 for 15 min in
a 37° C. incubator and lysed on ice with 1 ml of lysis buffer
(20 mM HEPES, pH7.4, 135 mM NaCl, 50 mM NaF, 1 mM
sodium vanadate and 1 mM sodium molybdate, 2 mM EDTA
and 2 mM EGTA, 10% glycerol, 1% NP40, 1 uM okadaic
acid, ] mM PMSF and 1 mM AEBSF). Cell lysates are clari-
fied by centrifuging at 14000xg at 4° C. for 10 min. Immu-
noprecipitations are performed using approximately 1 pg of
rabbit anti-ErbB4 receptor antibody or 2 pl of rabbit anti-
ErbB4 receptor antiserum. Immunocomplexes are collected
with 10 pl of Protein A Sepharose CL-4B beads. Proteins are
separated on Novex 4-12% gradient gel and transferred onto
nitrocellulose membrane. Anti-phosphotyrosine immunob-
lots are performed using 4G10 mouse anti-phosphotyrosine
antibody (UBI), goat anti-mouse horseradish peroxidase con-
jugate and ECL developing kit (Amersham). Addition of
NRG3 to ErbB4 receptor-expressing neuronal cells is
expected to cause autophosphoralation of ErbB4 receptor
tyrosine residue(s).

Itis beneficial to have populations of mammalian neuronal
cells (preferably human cells) for use as cellular prostheses
for transplantation into areas of damaged spinal cord in an
effort to influence regeneration of interrupted central axons,
for assisting in the repair of peripheral nerve injuries and as
alternatives to multiple autografts. See Levi et al., J. Neuro-
science 14(3):1309-1319 (1994). The use of cell culture tech-
niques to obtain an abundant source of autologous graft mate-
rial from a small biopsy has already met with clinical success
in providing human epidermal cells to cover extensive burns
(Gallico etal., N. Eng J. Med. 311:338-451 (1984)). Accord-
ingly, it is expected that the above approach will meet with
success in mammals, including humans.

All documents cited throughout the specification as well as
the references cited therein are hereby expressly incorporated
by reference in their entirety. While the present invention is
illustrated with reference to specific embodiments, the inven-
tion is not so limited. It will be understood that further modi-
fications and variations are possible without diverting from
the overall concept of the invention. All such modifications
are intended to be within the scope of the present invention.

Deposit of Material

The following materials have been deposited with the
American Type Culture Collection, 12301 Parklawn Drive,
Rockville, Md., USA (ATCC):

ATCC Deposit
Material Dep. No.  Date
mouse NRG3 pLXSN.mNRG3 209156 Tul. 22, 1997
human NRG3B1 pRKS5.tk.neo. hNRG3B1 209157 Tul. 22, 1997
human NRG3B2 pRKS5.tk.neo. hNRG3B2 209297 Sep. 23,1997

These deposits are made under the provisions of the
Budapest Treaty on the International Recognition of the
Deposit of Microorganisms for the Purpose of Patent Proce-
dure and the Regulations thereunder (Budapest Treaty). This
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assures maintenance of a viable culture of the deposit for 30
years from the date of deposit. The deposit will be made
available by ATCC under the terms of the Budapest Treaty,
and subject to an agreement between Genentech, Inc. and

58
contravention of the rights granted under the authority of any

government in accordance with its patent laws.

The foregoing written specification is considered to be
sufficient to enable one skilled in the art to practice the inven-

ATCC, which assures permanent and unre.:stncted aval.lablhty 5 tion. The present invention is not to be limited in scope by the
of'the progeny of the culture of the deposit to the public upon d ited. si he d ited embodi .
issuance of the pertinent U.S. patent or upon laying open to .construct PO site 5 Smee the epo.sne cmbo lm.em 18
the public of any U.S. or foreign patent application, which intended as a single illustration of certain aspects of the inven-
HeN 5 - . . .

ever comes first, and assures availability of the progeny to one tlgglian(tihany consu;ﬂutcﬁis that arte.: funﬁion;lly e.(tlul}/alerit arei
determined by the U.S. Commissioner of Patents and Trade- 10 wi .n € scope o ,S invention. . ? €posit ol ma ?rla
marks to be entitled thereto according to 35 USC §122 herein does not constitute an admission that the written
and the Commissioner’s rules pursuant thereto (including 37 description herein contained is inadequate to enable the prac-
CFR §1.14 with particular reference to 886 OG 638). tice of any aspect of the invention, including the best mode

The assignee of the present application has agreed that if a thereof, nor is it to be construed as limiting the scope of the
culture of the materials on deposit should die or be lost or 15 claims to the specific illustrations that it represents. Indeed,
destroyed when cultivated under suitable conditions, the various modifications of the invention in addition to those
materials will be promptly replaced on notification with shown and described herein will become apparent to those
another of the same. Availability of the deposited material is skilled in the art from the foregoing description and fall
not to be construed as a license to practice the invention in within the scope of the appended claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 23

<210> SEQ ID NO 1

<211> LENGTH: 2538

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 1

cctgacegge cggeggegee cgggceggte tegeccctet acegagegee 50

tegeegecce ctecceggee cgegtecect ceeccgtect ctectecceyg 100

ccegeegece gecteteggg gggaggggeyg tgggggcagy gagecgattt 150

geatgeggee geegeggeceg ctgectgage cggageccge cgecgeegga 200

gecegegeee gegeccgege ccggecegeg cggccccatyg cetetggege 250

ggcecteggy ggggcgaagyg tgaagatcgg ctectaggat gagtgaaggy 300

geggecggty cctegecace tggtgecget teggecagecg cegecteage 350

cgaggaggge acegeggegg ctgeggegge ggeggeggeg ggegagggec 400

cggacggegyg cggagaaggg geggccegaac ccccccggga gttacgetgt 450

agcgactgca tegtgtggaa ccggcagecag acgtggttgt gegtggtgee 500

tctgttcate ggcttcateg gectgggget cagectcatg ctgcttaaat 550

ggatcgtggt aggetcegte aaggagtacg tgcccacgga cctggtggac 600

tccaagggaa tgggccagga ccccttette ctetccaage ccagetettt 650

ccccaagget atggaaacca ccacaacaac cacttctace acgtcccceg 700

ccacceecte tgceggegge gecgettett ccaggacgece taaccggatt 750

agcaccegcet tgaccaccat cacacgggca cccaccceget tcectgggea 800

ccgggttece atcegggeta geccgegete taccacagea cggaacactg 850

ctgeccectee gacggtectg tecaccacgyg cceectttett cagtagcage 900

acgccegget cccgacccece gatgccagga geccccagta cgecaggegat 950

gcetteetgg ceccactgegg cgtatgctac ctectectac ctecacgatt 1000

ccactcecte ctggacecectg tcacccecttte aggatgctgce tgccgectcet 1050
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-continued
tcetectcac cectettecac ctectecact accaccacce cagaaactag 1100
caccagcccce aaatttcata ctacaacata ctceccactgaa cgatctgage 1150
acttcaaacc ctgtcgagac aaggacctgg cgtattgtct caatgatggt 1200
gaatgctttyg tgattgagac cctgacagga tcccataagce actgtceggtg 1250
caaggaaggc taccaaggag tccgttgtga tcaatttcetg ccgaaaacag 1300
actccatctt atcggatcca acagaccact tggggattga attcatggag 1350
agtgaagacg tttatcaaag gcaggtgctg tcaatttcat gtatcatctt 1400
tggaattgtc atcgtgggca tgttctgtgce agcattctac ttcaaaagca 1450
agaaacaagc taaacaaatt caggagcacc tgaaagagtc acagaatggg 1500
aagaactaca gcctcaaggce atccagcaca aagtctgaga gcttgatgaa 1550
gagccatgte catctacaaa attattcaaa ggcggatagg catcctgtga 1600
ctgcgctgga gaaaataatg gagtcaagtt tttcagctcce ccagtecgtte 1650
ccagaagtca cttctcctga ccgaggaagce cagcctatca agcaccacag 1700
cccaggacaa aggagtggga tgttgcatag gaatactttc agaagggcac 1750
caccctcecace ccgaagtcga ctgggtggta ttgtaggacc agcatatcaa 1800
caacttgaag aatcaagaat tccagaccag gatacgatac cttgccaagg 1850
gatagaggtc aggaagacta tatcccacct gectatacag ctgtggtgtg 1900
ttgaaagacc cctggactta aagtatgtgt ccaatggctt aagaacccaa 1950
caaaatgcat caataaatat gcaactgcct tcaagagaga caaaccccta 2000
ttttaatagc ttggatcaaa aggacctggt gggttattta tccccaaggg 2050
ccaattcectgt gecccatcatce ccgtcgatgg gtctagaaga aacctgcatg 2100
caaatgccag ggatttctga cgtcaaaagc attaaatggt gcaaaaactce 2150
ctactceget gacattgtca acgcgagtat gccagtcagt gattgtctte 2200
tagaagaaca acaggaagtg aaaatattac tagagactgt gcaggaacag 2250
atccggattce tgactgatgc cagacggtca gaagacttcg aactggccag 2300
catggaaact gaggacagtg cgagcgaaaa cacagccttt ctcccectga 2350
gtcccacgge caaatcagaa cgagaggcac aatttgtctt aagaaatgaa 2400
atacaaagag actctgtgct aaccaagtga ctggaaatgt aggaatctgt 2450
gcattatatg ctttgctaaa caggaaggag aggaaattaa atacaaatta 2500
tttatatgca ttaatttaag agcatctact tagaagcc 2538

<210> SEQ ID NO 2

<211> LENGTH: 713

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 2

Met Ser Glu Gly Ala Ala Gly Ala Ser Pro Pro Gly Ala Ala Ser
1 5 10 15

Ala Ala Ala Ala Ser Ala Glu Glu Gly Thr Ala Ala Ala Ala Ala
20 25 30

Ala Ala Ala Ala Gly Gly Gly Pro Asp Gly Gly Gly Glu Gly Ala
35 40 45

Ala Glu Pro Pro Arg Glu Leu Arg Cys Ser Asp Cys Ile Val Trp
50 55 60



61

US 7,846,453 B2

-continued

62

Asn

Phe

Val

Lys

Phe

Ser

Pro

Thr

Ser

Thr

Pro

Thr

Ser

Ser

Ser

Ser

Leu

Asp

Asp

Arg

Val

Ala

Lys

Pro

Arg

Ile

Gly

Gly

Pro

Pro

Asn

Arg

Thr

Thr

Met

Ala

Trp

Ser

Thr

Glu

Asn

Lys

Gln

His

Gln

Gly

Lys

Tyr

Ser

Val

Gln

Gly

Ser

Met

Lys

Ala

Arg

Phe

Thr

Ala

Pro

Ala

Thr

Pro

Ser

His

Asp

His

Phe

Leu

Val

Met

Gln

Ser

His

Thr

Gln

Leu

Val

Gly

Ala

Thr

Ile

Pro

Ala

Pro

Gly

Tyr

Leu

Ser

Pro

Phe

Gly

Cys

Leu

Gly

Leu

Phe

Ile

Leu

Val

Ala

Thr
65

Gly
80

Lys
95

Gln
110

Met
125

Pro
140

Ser
155

Gly
170

Arg
185

Phe
200

Ala
215

Ala
230

Ser
245

Ser
260

Lys
275

Lys
290

Glu
305

Arg
320

Pro
335

Ile
350

Ser
365

Cys
380

Gln
395

Lys
410
His
425

Leu
440

Trp

Leu

Glu

Asp

Glu

Ser

Thr

His

Asn

Phe

Pro

Thr

Pro

Thr

Phe

Pro

Cys

Cys

Lys

Glu

Ile

Ala

Glu

Ala

Leu

Glu

Leu

Ser

Tyr

Pro

Thr

Ala

Arg

Arg

Thr

Ser

Ser

Ser

Phe

Ser

His

Cys

Phe

Lys

Thr

Phe

Ser

Ala

His

Ser

Gln

Lys

Cys

Leu

Val

Phe

Thr

Gly

Leu

Val

Ala

Ser

Thr

Ser

Gln

Ser

Thr

Arg

Val

Glu

Asp

Met

Cys

Phe

Leu

Ser

Asn

Ile

Val

Met

Pro

Phe

Thr

Gly

Thr

Pro

Ala

Ser

Gln

Tyr

Asp

Thr

Thr

Asp

Ile

Gly

Ser

Glu

Ile

Tyr

Lys

Thr

Tyr

Met

Val
70

Leu
85

Thr
100

Leu
115

Thr
130

Ala
145

Thr
160

Ile
175

Pro
190

Thr
205

Ala
220

Leu
235

Ala
250

Thr
265

Thr
280

Lys
295

Glu
310

Tyr
325

Ile
340

Ser
355

Ile
370

Phe
385

Glu
400

Lys
415

Ser
430

Glu
445

Pro

Leu

Asp

Ser

Thr

Ala

Ile

Arg

Pro

Pro

Met

His

Ala

Thr

Tyr

Asp

Thr

Gln

Leu

Glu

Phe

Lys

Ser

Ser

Lys

Ser

Leu

Lys

Leu

Lys

Thr

Ser

Thr

Ala

Thr

Gly

Pro

Asp

Ala

Thr

Ser

Leu

Leu

Gly

Ser

Asp

Gly

Ser

Gln

Glu

Ala

Ser

Phe

Trp

Val

Pro

Ser

Ser

Arg

Ser

Val

Ser

Ser

Ser

Ala

Pro

Thr

Ala

Thr

Val

Asp

Val

Ile

Lys

Asn

Ser

Asp

Phe

Ile

Ile

Asp

Ser

Thr

Arg

Ala

Pro

Leu

Arg

Trp

Thr

Ser

Glu

Glu

Tyr

Gly

Arg

Pro

Tyr

Val

Lys

Gly

Leu

Arg

Ser

Gly
75

Val
90

Ser
105

Ser
120

Thr
135

Thr
150

Pro
165

Arg
180

Ser
195

Pro
210

Pro
225

Pro
240

Ser
255

Thr
270

Arg
285

Cys
300

Ser
315

Cys
330

Thr
345

Gln
360

Ile
375

Gln
390

Lys
405

Met
420
His
435

Ala
450



US 7,846,453 B2
63

-continued

Pro Gln Ser Phe Pro Glu Val Thr Ser Pro Asp Arg Gly Ser Gln
455 460 465

Pro Ile Lys His His Ser Pro Gly Gln Arg Ser Gly Met Leu His
470 475 480

Arg Asn Thr Phe Arg Arg Ala Pro Pro Ser Pro Arg Ser Arg Leu
485 490 495

Gly Gly Ile Val Gly Pro Ala Tyr Gln Gln Leu Glu Glu Ser Arg
500 505 510

Ile Pro Asp Gln Asp Thr Ile Pro Cys Gln Gly Ile Glu Val Arg
515 520 525

Lys Thr Ile Ser His Leu Pro Ile Gln Leu Trp Cys Val Glu Arg
530 535 540

Pro Leu Asp Leu Lys Tyr Val Ser Asn Gly Leu Arg Thr Gln Gln
545 550 555

Asn Ala Ser Ile Asn Met Gln Leu Pro Ser Arg Glu Thr Asn Pro
560 565 570

Tyr Phe Asn Ser Leu Asp Gln Lys Asp Leu Val Gly Tyr Leu Ser
575 580 585

Pro Arg Ala Asn Ser Val Pro Ile Ile Pro Ser Met Gly Leu Glu
590 595 600

Glu Thr Cys Met Gln Met Pro Gly Ile Ser Asp Val Lys Ser Ile
605 610 615

Lys Trp Cys Lys Asn Ser Tyr Ser Ala Asp Ile Val Asn Ala Ser
620 625 630

Met Pro Val Ser Asp Cys Leu Leu Glu Glu Gln Gln Glu Val Lys
635 640 645

Ile Leu Leu Glu Thr Val Gln Glu Gln Ile Arg Ile Leu Thr Asp
650 655 660

Ala Arg Arg Ser Glu Asp Phe Glu Leu Ala Ser Met Glu Thr Glu
665 670 675

Asp Ser Ala Ser Glu Asn Thr Ala Phe Leu Pro Leu Ser Pro Thr
680 685 690

Ala Lys Ser Glu Arg Glu Ala Gln Phe Val Leu Arg Asn Glu Ile
695 700 705

Gln Arg Asp Ser Val Leu Thr Lys
710

<210> SEQ ID NO 3

<211> LENGTH: 362

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 3

Met Ser Glu Gly Ala Ala Gly Ala Ser Pro Pro Gly Ala Ala Ser
1 5 10 15

Ala Ala Ala Ala Ser Ala Glu Glu Gly Thr Ala Ala Ala Ala Ala
20 25 30

Ala Ala Ala Ala Gly Gly Gly Pro Asp Gly Gly Gly Glu Gly Ala
35 40 45

Ala Glu Pro Pro Arg Glu Leu Arg Cys Ser Asp Cys Ile Val Trp
50 55 60

Asn Arg Gln Gln Thr Trp Leu Cys Val Val Pro Leu Phe Ile Gly
65 70 75

Phe Ile Gly Leu Gly Leu Ser Leu Met Leu Leu Lys Trp Ile Val
80 85 90
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Val

Lys

Phe

Ser

Pro

Thr

Ser

Thr

Pro

Thr

Ser

Ser

Ser

Ser

Leu

Asp

Asp

Arg

Gly

Gly

Pro

Pro

Asn

Arg

Thr

Thr

Met

Ala

Trp

Ser

Thr

Glu

Asn

Lys

Gln

His

Gln

Ser

Met

Lys

Ala

Arg

Phe

Thr

Ala

Pro

Ala

Thr

Pro

Ser

His

Asp

His

Phe

Leu

Val

Gly

Ala

Thr

Ile

Pro

Ala

Pro

Gly

Tyr

Leu

Ser

Pro

Phe

Gly

Cys

Leu

Gly

Lys
95

Gln
110

Met
125

Pro
140

Ser
155

Gly
170

Arg
185

Phe
200

Ala
215

Ala
230

Ser
245

Ser
260

Lys
275

Lys
290

Glu
305

Arg
320

Pro
335

Ile
350

<210> SEQ ID NO 4

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Homo sapiens

PRT

<400> SEQUENCE:

His
1

Asp

Phe

47

4

Phe Lys Pro Cys
5

Glu

Asp

Glu

Ser

Thr

His

Asn

Phe

Pro

Thr

Pro

Thr

Phe

Pro

Cys

Cys

Lys

Glu

Tyr

Pro

Thr

Ala

Arg

Arg

Thr

Ser

Ser

Ser

Phe

Ser

His

Cys

Phe

Lys

Thr

Phe

Val Pro

Phe Phe

Thr Thr

Gly Gly

Leu Thr

Val Pro

Ala Ala

Ser Ser

Thr Gln

Ser Tyr

Gln Asp

Ser Thr

Thr Thr

Arg Asp

Val Ile

Glu Gly

Asp Ser

Met Glu

Thr
100

Leu
115

Thr
130

Ala
145

Thr
160

Ile
175

Pro
190

Thr
205

Ala
220

Leu
235

Ala
250

Thr
265

Thr
280

Lys
295

Glu
310

Tyr
325

Ile
340

Ser
355

Asp

Ser

Thr

Ala

Ile

Arg

Pro

Pro

Met

His

Ala

Thr

Tyr

Asp

Thr

Gln

Leu

Glu

Leu Val Asp Ser

Lys

Thr

Ser

Thr

Ala

Thr

Gly

Pro

Asp

Ala

Thr

Ser

Leu

Leu

Gly

Ser

Asp

Pro

Ser

Ser

Arg

Ser

Val

Ser

Ser

Ser

Ala

Pro

Thr

Ala

Thr

Val

Asp

Val

Ser

Thr

Arg

Ala

Pro

Leu

Arg

Trp

Thr

Ser

Glu

Glu

Tyr

Gly

Arg

Pro

Tyr

105

Ser
120

Thr
135

Thr
150

Pro
165

Arg
180

Ser
195

Pro
210

Pro
225

Pro
240

Ser
255

Thr
270

Arg
285

Cys
300

Ser
315

Cys
330

Thr
345

Gln
360

Arg Asp Lys Asp Leu Ala Tyr Cys Leu Asn

10

15

Gly Glu Cys Phe Val Ile Glu Thr Leu Thr Gly Ser His Lys

20

Cys Arg Cys Lys

Leu

35

<210> SEQ ID NO 5

<211> LENGTH:

2502

25

30

Glu Gly Tyr Gln Gly Val Arg Cys Asp Gln

40

45
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-continued
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<220> FEATURE:
<221> NAME/KEY: Unsure
<222> LOCATION: 130
<223> OTHER INFORMATION: Unknown base
<400> SEQUENCE: 5
tcaccgacct agtggactcce actaggtegg tgggcacgta ctecttgacy 50
gagcccacca cgatccattt gagaagcatg aggcgeggece ccatgectcet 100
geegeggecee teggggggge gaaggtgaan accggctcect aggatgagtg 150
aaggggcgge cgctgecteg ccacctggtyg cegettegge agecgecgec 200
teggecgagg agggcaccge ggeggctgeg geggceggcag cggcegggcegy 250
gggeccggac ggeggeggeg aaggggcegge cgagcecccce cgggagttac 300
gectgtagega ctgcatcegtg tggaaccgge agcagacgtg getgtgegtg 350
gtacctctgt tcatcggcett catcggectg gggctcagec tcatgcttcet 400
caaatggatc gtggtgggcet ccgtcaagga gtacgtgcece accgacctag 450
tggactccaa ggggatggge caggacccect tcettectete caageccage 500
tcttteccca aggccatgga gaccaccacce actaccactt ccaccacgtce 550
cceegecace ccctecgecg ggggtgecge ctectecagyg acgeccaace 600
ggattagcac tcgectgace accatcacge gggegeccac tegettecce 650
gggcaccggyg tgcccatceg ggccagecceg cgctcecacca cagcacggaa 700
cactgeggee cctgegacgg tcccegtecac cacggecceyg ttettcagta 750
gcagcacgcet gggctcccga cccecggtge caggaactcce aagtacccag 800
gcaatgcect cctggectac tgcggcatac gctacctect cctaccttca 850
cgattctact ccctectgga ccectgtectee ctttcaggat getgectcect 900
cttcttecte ttettectee tecgctacca ccaccacacce agaaactagce 950
accagcccca aatttcatac gacgacatat tccacagagce gatccgagca 1000
cttcaaaccce tgccgagaca aggaccttgce atactgtcectce aatgatggceg 1050
agtgctttgt gatcgaaacc ctgaccggat cccataaaca ctgtcggtge 1100
aaagaaggct accaaggagt ccgttgtgat caatttctgce cgaaaactga 1150
ttccatctta tcggatccaa cagaccactt ggggattgaa ttcatggaga 1200
gtgaagaagt ttatcaaagg caggtgctgt caatttcatg tatcatcttt 1250
ggaattgtca tcgtgggcat gttcectgtgca gcattctact tcaaaagcaa 1300
gaaacaagct aaacaaatcc aagagcagct gaaagtgcca caaaatggta 1350
aaagctacag tctcaaagca tccagcacaa tggcaaagtc agagaacttg 1400
gtgaagagcc atgtccagct gcaaaattat tcaaaggtgg aaaggcatcc 1450
tgtgactgca ttggagaaaa tgatggagtc aagttttgtc ggcccccagt 1500
cattcccectga ggtcecttet cctgacagag gaagccagtce tgtcaaacac 1550
cacaggagtc tatcctcttg ctgcagccca gggcaaagaa gtggcatget 1600
ccataggaat gccttcagaa ggacacccce gtcaccecga agtaggctag 1650
gtggaattgt gggaccagca tatcagcaac tcgaagaatc aaggatccca 1700
gaccaggata cgataccttg ccaagggata gaggtcagga agactatatc 1750
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ccacctgect atacagctgt ggtgtgttga aagacccctg gacttaaagt 1800
attcatccag tggtttaaaa acccaacgaa atacatcaat aaatatgcaa 1850
ctgccttcaa gagagacaaa cccctatttt aatagcttgg agcaaaagga 1900
cctggtggge tattcatcca caagggccag ttetgtgecce atcatccctt 1950
cagtgggttt agaggaaacc tgcctgcaaa tgccagggat ttctgaagte 2000
aaaagcatca aatggtgcaa aaactcctat tcagctgacg ttgtcaatgt 2050
gagtattcca gtcagcgatt gtcttatage agaacaacaa gaagtgaaaa 2100
tattgctaga aactgtccag gagcagatcc gaattctgac tgatgccaga 2150
cggtcagaag actacgaact ggccagcgta gaaaccgagg acagtgcaag 2200
cgaaaacaca gcctttctece cectgagtcee cacagccaaa tcagaacgag 2250
aggcgcaatt tgtcttaaga aatgaaatac aaagagactc tgcattgacc 2300
aagtgacttg agatgtagga atctgtgcat tctatgcttt gectcaacagg 2350
aaagagagga aatcaaatac aaattattta tatgcattaa tttaagagca 2400
tctacttaga agaaaccaaa tagtctatcg ccctcatatc atagtgtttt 2450
ttaacaaaat atttttttaa gggaaagaaa tgtttcagga gggataaagc 2500
tt 2502

<210> SEQ ID NO 6

<211> LENGTH: 720

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 6

Met Ser Glu Gly Ala Ala Ala Ala Ser Pro Pro Gly Ala Ala Ser
1 5 10 15

Ala Ala Ala Ala Ser Ala Glu Glu Gly Thr Ala Ala Ala Ala Ala
20 25 30

Ala Ala Ala Ala Gly Gly Gly Pro Asp Gly Gly Gly Glu Gly Ala
35 40 45

Ala Glu Pro Pro Arg Glu Leu Arg Cys Ser Asp Cys Ile Val Trp
50 55 60

Asn Arg Gln Gln Thr Trp Leu Cys Val Val Pro Leu Phe Ile Gly
65 70 75

Phe Ile Gly Leu Gly Leu Ser Leu Met Leu Leu Lys Trp Ile Val
80 85 90

Val Gly Ser Val Lys Glu Tyr Val Pro Thr Asp Leu Val Asp Ser
95 100 105

Lys Gly Met Gly Gln Asp Pro Phe Phe Leu Ser Lys Pro Ser Ser
110 115 120

Phe Pro Lys Ala Met Glu Thr Thr Thr Thr Thr Thr Ser Thr Thr
125 130 135

Ser Pro Ala Thr Pro Ser Ala Gly Gly Ala Ala Ser Ser Arg Thr
140 145 150

Pro Asn Arg Ile Ser Thr Arg Leu Thr Thr Ile Thr Arg Ala Pro
155 160 165

Thr Arg Phe Pro Gly His Arg Val Pro Ile Arg Ala Ser Pro Arg
170 175 180

Ser Thr Thr Ala Arg Asn Thr Ala Ala Pro Ala Thr Val Pro Ser
185 190 195
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Thr

Pro

Thr

Ser

Ser

Ser

Phe

Leu

Val

Met

Gln

Ser

Lys

Pro

Pro

Ser

Gln

Pro

Gln

Cys

Gln

Ser

Pro

Asp

Thr

Val

Ala

Trp

Ser

Pro

Phe

Gly

Cys

Leu

Gly

Leu

Phe

Ile

Leu

Ser

Val

Gln

Val

Arg

Ser

Gln

Gln

Leu

Gly

Ser

Leu

Ala

Pro

Ala

Thr

Ser

Lys

Lys

Glu

Arg

Pro

Ile

Ser

Cys

Gln

Lys

His

Thr

Ser

Lys

Ser

Pro

Leu

Gly

Trp

Leu

Arg

Val

Pro

Gly

Tyr

Leu

Ser

Phe

Pro

Cys

Cys

Lys

Glu

Ile

Ala

Glu

Ala

Val

Ala

Phe

His

Gly

Arg

Glu

Ile

Cys

Lys

Glu

Gly

Phe
200

Thr
215

Ala
230

Ser
245

Ser
260

His
275

Cys
290

Phe
305

Lys
320

Thr
335

Phe
350

Ser
365

Ala
380

Gln
395

Ser
410

Gln
425

Leu
440

Pro
455

His
470

Met
485

Ser
500

Glu
515

Glu
530

Val
545

Thr
560

Thr
575

Tyr

Phe

Pro

Thr

Pro

Ala

Thr

Arg

Val

Glu

Asp

Met

Cys

Phe

Leu

Ser

Leu

Glu

Glu

Arg

Leu

Arg

Ser

Val

Glu

Gln

Asn

Ser

Ser

Ser

Ser

Phe

Thr

Thr

Asp

Ile

Gly

Ser

Glu

Ile

Tyr

Lys

Thr

Gln

Lys

Val

Ser

His

Leu

Arg

Arg

Arg

Arg

Pro

Ser

Ser

Thr

Ser

Gln

Thr

Thr

Lys

Glu

Tyr

Ile

Ser

Ile

Phe

Val

Met

Asn

Met

Pro

Leu

Arg

Gly

Ile

Lys

Pro

Asn

Tyr

Thr

Ser

Gln

Tyr

Asp

Thr

Tyr

Asp

Thr

Gln

Leu

Glu

Phe

Lys

Pro

Ala

Tyr

Met

Ser

Ser

Asn

Gly

Pro

Thr

Leu

Thr

Phe

Arg

Thr
205

Ala
220

Leu
235

Ala
250

Thr
265

Ser
280

Leu
295

Leu
310

Gly
325

Ser
340

Glu
355

Gly
370

Ser
385

Gln
400

Lys
415

Ser
430

Glu
445

Pro
460

Ser
475

Ala
490

Ile
505

Asp
520

Ile
535

Asp
550

Ser
565

Asn
580

Ala

Leu

Met

His

Ala

Pro

Thr

Ala

Thr

Val

Asp

Val

Ile

Lys

Asn

Ser

Lys

Ser

Asp

Cys

Phe

Val

Gln

Ser

Leu

Ile

Ser

Ser

Gly Ser Arg Pro

Pro

Asp

Ser

Glu

Glu

Tyr

Gly

Arg

Pro

Tyr

Val

Lys

Gly

Glu

Val

Ser

Arg

Cys

Arg

Gly

Asp

His

Lys

Asn

Leu

Ser

Ser

Ser

Ser

Thr

Arg

Cys

Ser

Cys

Thr

Gln

Ile

Gln

Lys

Asn

Glu

Phe

Gly

Ser

Arg

Pro

Thr

Leu

Tyr

Met

Glu

Val

Trp

Thr

Ser

Ser

Ser

Leu

His

Asp

Asp

Arg

Val

Ala

Ser

Leu

Arg

Val

Ser

Pro

Thr

Ala

Ile

Pro

Ser

Gln

Gln

Pro

210

Pro
225

Pro
240

Ser
255

Thr
270

Glu
285

Asn
300

Lys
315

Gln
330

His
345

Gln
360

Gly
375

Lys
390

Tyr
405

Val
420

His
435

Gly
450

Gln
465

Gly
480

Pro
495

Tyr
510

Pro
525

Ile
540

Ser
555

Leu
570

Lys
585

Ile
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590 595 600

Ile Pro Ser Val Gly Leu Glu Glu Thr Cys Leu Gln Met Pro Gly
605 610 615

Ile Ser Glu Val Lys Ser Ile Lys Trp Cys Lys Asn Ser Tyr Ser
620 625 630

Ala Asp Val Val Asn Val Ser Ile Pro Val Ser Asp Cys Leu Ile
635 640 645

Ala Glu Gln Gln Glu Val Lys Ile Leu Leu Glu Thr Val Gln Glu
650 655 660

Gln Ile Arg Ile Leu Thr Asp Ala Arg Arg Ser Glu Asp Tyr Glu
665 670 675

Leu Ala Ser Val Glu Thr Glu Asp Ser Ala Ser Glu Asn Thr Ala
680 685 690

Phe Leu Pro Leu Ser Pro Thr Ala Lys Ser Glu Arg Glu Ala Gln
695 700 705

Phe Val Leu Arg Asn Glu Ile Gln Arg Asp Ser Ala Leu Thr Lys
710 715 720

<210> SEQ ID NO 7

<211> LENGTH: 360

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 7

Met Ser Glu Gly Ala Ala Ala Ala Ser Pro Pro Gly Ala Ala Ser
1 5 10 15

Ala Ala Ala Ala Ser Ala Glu Glu Gly Thr Ala Ala Ala Ala Ala
20 25 30

Ala Ala Ala Ala Gly Gly Gly Pro Asp Gly Gly Gly Glu Gly Ala
35 40 45

Ala Glu Pro Pro Arg Glu Leu Arg Cys Ser Asp Cys Ile Val Trp
50 55 60

Asn Arg Gln Gln Thr Trp Leu Cys Val Val Pro Leu Phe Ile Gly
65 70 75

Phe Ile Gly Leu Gly Leu Ser Leu Met Leu Leu Lys Trp Ile Val
80 85 90

Val Gly Ser Val Lys Glu Tyr Val Pro Thr Asp Leu Val Asp Ser
95 100 105

Lys Gly Met Gly Gln Asp Pro Phe Phe Leu Ser Lys Pro Ser Ser
110 115 120

Phe Pro Lys Ala Met Glu Thr Thr Thr Thr Thr Thr Ser Thr Thr
125 130 135

Ser Pro Ala Thr Pro Ser Ala Gly Gly Ala Ala Ser Ser Arg Thr
140 145 150

Pro Asn Arg Ile Ser Thr Arg Leu Thr Thr Ile Thr Arg Ala Pro
155 160 165

Thr Arg Phe Pro Gly His Arg Val Pro Ile Arg Ala Ser Pro Arg
170 175 180

Ser Thr Thr Ala Arg Asn Thr Ala Ala Pro Ala Thr Val Pro Ser
185 190 195

Thr Thr Ala Pro Phe Phe Ser Ser Ser Thr Leu Gly Ser Arg Pro
200 205 210

Pro Val Pro Gly Thr Pro Ser Thr Gln Ala Met Pro Ser Trp Pro
215 220 225
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76

Thr

Ser

Ser

Ser

Phe

Leu

Ala

Trp

Ser

Pro

Phe

Gly

Cys

Leu

Gly

Ala

Thr

Ser

Lys

Lys

Glu

Arg

Pro

Ile

Tyr

Leu

Ser

Phe

Pro

Cys

Cys

Lys

Glu

Ala
230

Ser
245

Ser
260
His
275

Cys
290

Phe
305

Lys
320

Thr
335

Phe
350

<210> SEQ ID NO 8

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Homo sapiens

PRT

<400> SEQUENCE:

His
1

Asp

Phe

47

8

Phe Lys Pro Cys

5

Thr Ser Ser Tyr Leu His Asp Ser Thr Pro
235 240

Pro Phe Gln Asp Ala Ala Ser Ser Ser Ser
250 255

Ala Thr Thr Thr Thr Pro Glu Thr Ser Thr
265 270

Thr Thr Thr Tyr Ser Thr Glu Arg Ser Glu
280 285

Arg Asp Lys Asp Leu Ala Tyr Cys Leu Asn
295 300

Val Ile Glu Thr Leu Thr Gly Ser His Lys
310 315

Glu Gly Tyr Gln Gly Val Arg Cys Asp Gln
325 330

Asp Ser Ile Leu Ser Asp Pro Thr Asp His
340 345

Met Glu Ser Glu Glu Val Tyr Gln Arg Gln
355 360

Arg Asp Lys Asp Leu Ala Tyr Cys Leu Asn
10 15

Gly Glu Cys Phe Val Ile Glu Thr Leu Thr Gly Ser His Lys

20

Cys Arg Cys Lys

Leu

35

<210> SEQ ID NO 9

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Gallus gallus

PRT

<400> SEQUENCE:

His
1

Gly

Tyr

48

9

Leu Thr Lys Cys
5

25 30

Glu Gly Tyr Gln Gly Val Arg Cys Asp Gln
40 45

Asp Ile Lys Gln Lys Ala Phe Cys Val Asn
10 15

Gly Glu Cys Tyr Met Val Lys Asp Leu Pro Asn Pro Pro Arg

20

Leu Cys Arg Cys

Tyr

Val

35

<210> SEQ ID NO 10

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Homo sapiens

PRT

<400> SEQUENCE:

45

10

25 30

Pro Asn Glu Phe Thr Gly Asp Arg Cys Gln
40 45

Lys Lys Asn Pro Cys Asn Ala Glu Phe Gln Asn Phe Cys Ile His

1

5

10 15

Gly Glu Cys Lys Tyr Ile Glu His Leu Glu Ala Val Thr Cys Lys

20

25 30
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Cys Gln Gln Glu Tyr Phe Gly Glu Arg Cys Gly Glu Lys Ser Met

35

<210> SEQ ID NO 11

<211> LENGTH: 45

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 11

40

45

His Phe Ser Arg Cys Pro Lys Gln Tyr Lys His Tyr Cys Ile Lys

1 5

10

15

Gly Arg Cys Arg Phe Val Val Ala Glu Gln Thr Pro Ser Cys Val

20

25

30

Cys Asp Glu Gly Tyr Ile Gly Ala Arg Cys Glu Arg Val Asp Leu

35

<210> SEQ ID NO 12

<211> LENGTH: 46

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 12

40

45

Ser Asp Ser Glu Cys Pro Leu Ser His Asp Gly Tyr Cys Leu His

1 5

10

15

Asp Gly Val Cys Met Tyr Ile Glu Ala Leu Asp Lys Tyr Ala Cys

20

25

30

Asn Cys Val Val Gly Tyr Ile Gly Glu Arg Cys Gln Tyr Arg Asp

35
Leu
<210> SEQ ID NO 13
<211> LENGTH: 45
<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 13

40

45

Lys Arg Asp Pro Cys Leu Arg Lys Tyr Lys Asp Phe Cys Ile His

1 5

10

15

Gly Glu Cys Lys Tyr Val Lys Glu Leu Arg Ala Pro Ser Cys Ile

20

25

30

Cys His Pro Gly Tyr His Gly Glu Arg Cys His Gly Leu Ser Leu

35

<210> SEQ ID NO 14

<211> LENGTH: 49

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 14

40

45

His Leu Val Lys Cys Ala Glu Lys Glu Lys Thr Phe Cys Val Asn

1 5

10

15

Gly Gly Glu Cys Phe Met Val Lys Asp Leu Ser Asn Pro Ser Arg

20

25

30

Tyr Leu Cys Lys Cys Gln Pro Gly Phe Thr Gly Ala Arg Cys Thr

35
Glu Asn Tyr Pro
<210> SEQ ID NO 15

<211> LENGTH: 48
<212> TYPE: PRT

40

45
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<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 15

His Leu Val Lys Cys
1 5

Ala Glu Lys Glu Lys
10

Thr Phe Cys Val Asn
15

Gly Gly Glu Cys Phe Met Val Lys Asp Leu Ser Asn Pro Ser Arg

20

Tyr Leu Cys Lys Cys
35

Asn Tyr Val
<210> SEQ ID NO 16

<211> LENGTH: 45
<212> TYPE: PRT

25

Pro Asn Glu Phe Thr
40

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 16

His Phe Asn Asp Cys
1 5

Gly Thr Cys Arg Phe
20

Cys His Ser Gly Tyr
35

<210> SEQ ID NO 17
<211> LENGTH: 45
<212> TYPE: PRT
<213> ORGANISM: Mus

<400> SEQUENCE: 17

Gln Ile Thr Lys Cys
1 5

Gly Gln Cys Ile Tyr
20

Cys Glu Val Gly Tyr
35

<210> SEQ ID NO 18
<211> LENGTH: 50
<212> TYPE: PRT

Pro Asp Ser His Thr
10

Leu Val Gln Glu Asp
25

Val Gly Ala Arg Cys
40

musculus

Ser Ser Asp Met Asp
10

Leu Val Asp Met Arg
25

Thr Gly Leu Arg Cys
40

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 18

Thr Gly Gly Thr Ala
1 5

Thr Cys Thr Cys Ala
20

Cys Ala Cys Ala Ala
35

Ala Gly Ala Gly Ala
50

<210> SEQ ID NO 19
<211> LENGTH: 8
<212> TYPE: PRT

Ala Ala Ala Gly Cys
10

Ala Ala Gly Cys Ala
25

Thr Gly Gly Cys Ala
40

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 19

Asn Asp Gly Glu Cys
5

Phe Val Ile

30

Gly Asp Arg Cys Gln
45

Gln Phe Cys Phe His
15

Lys Pro Ala Cys Val
30

Glu His Ala Asp Leu
45

Gly Tyr Cys Leu His
15

Glu Lys Phe Cys Arg
30

Glu His Phe Phe Leu
45

Thr Ala Cys Ala Gly
15

Thr Cys Cys Ala Gly
30

Ala Ala Gly Thr Cys
45
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<210> SEQ ID NO 20
<211> LENGTH: 9
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 20
Glu Phe Met Glu Ser Glu Glu Val Tyr

5
<210> SEQ ID NO 21
<211> LENGTH: 466
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<220> FEATURE:
<221> NAME/KEY: Unsure
<222> LOCATION: 343,363,386,398,410,423,430,448,454
<223> OTHER INFORMATION: Unknown base
<400> SEQUENCE: 21
aatttctgce gaaaactgat tccatcttat cggatccaac agaccacttg 50
gggattgaat tcatggagag tgaagaagtt tatcaaaggc aggtgctgtc 100
aatttcatgt atcatctttg gaattgtcat cgtgggcatg ttctgtgcag 150
cattctactt caaaagcaag aaacaagcta aacaaatcca agagcagctg 200
aaagtgccac aaaatggtaa aagctacagt ctcaaagcat ccagcacaat 250
ggcaaagtca gagaacttgg tgaagagcca tgtccagctyg caaaataaaa 300
tgtcaggctt ctgagcccaa gctaagecat catatccect gtngacctge 350
acgtgcacat ccngatggcc cgtttectge cttttntgat gacatttnca 400
ccacaaatgn agtgaaaatg ggncttttcen tgccttaact ggttgacntt 450
tttnceccaa aaggag 466
<210> SEQ ID NO 22
<211> LENGTH: 2091
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 22
atgagtgaag gggcggecge tgectegeca cetggtgecyg ctteggcage 50
cgecgecteg gecgaggagg gcaccgegge ggctgeggeyg geggcagegyg 100
¢gggeggggyg cccggacgge ggcggegaag gggceggecga gecccccegyg 150
gagttacgct gtagcgactg categtgtgg aaccggcage agacgtgget 200
gtgcgtggta cctectgttca tcggcttcat cggcecctgggg ctcagcectca 250
tgcttectcaa atggatcgtg gtgggcteceg tcaaggagta cgtgcccacce 300
gacctagtgyg actccaaggg gatgggccag gacccecttet tectctecaa 350
geecagetet ttecccaagg ccatggagac caccaccact accacttcca 400
ccacgtccee cgccaccece teegeegggg gtgccegecte ctecaggacy 450
cccaaccgga ttagcactcg cctgaccacce atcacgeggyg cgeccacteg 500
ctteeceggg caccgggtge ccatceggge cageccgege tcecaccacag 550
cacggaacac tgcggeccct gegacggtcee cgtccaccac ggecccgtte 600
ttcagtagca gcacgetggg ctcccgaccee ceggtgecayg gaactccaag 650
tacccaggca atgccctect ggectactge ggcatacget acctectect 700
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accttcacga ttctactcecce tectggacce tgtcectceectt tcaggatget 750
gcctectett cttectette ttectectece gectaccacca ccacaccaga 800
aactagcacc agccccaaat ttcatacgac gacatattcc acagagcgat 850
ccgageactt caaaccctgce cgagacaagg accttgcata ctgtctcaat 900
gatggcgagt getttgtgat cgaaaccctg accggatcce ataaacactg 950
tcggtgcaaa gaaggctacc aaggagtccg ttgtgatcaa tttctgccga 1000
aaactgattc catcttatcg gatccaacag accacttggg gattgaattce 1050
atggagagtg aagaagttta tcaaaggcag gtgctgtcaa tttcatgtat 1100
catctttgga attgtcatcg tgggcatgtt ctgtgcagca ttctacttca 1150
aaagcaagaa acaagctaaa caaatccaag agcagctgaa agtgccacaa 1200
aatggtaaaa gctacagtct caaagcatcc agcacaatgg caaagtcaga 1250
gaacttggtyg aagagccatg tccagctgca aaattattca aaggtggaaa 1300
ggcatcctgt gactgcattg gagaaaatga tggagtcaag ttttgtcggce 1350
ccecagtecat teccctgaggt cecttcetect gacagaggaa gccagtctgt 1400
caaacaccac aggagtctat cctcttgcectg cagcccaggg caaagaagtg 1450
gcatgcteca taggaatgce ttcagaagga cacccceccgte accccgaagt 1500
aggctaggtg gaattgtggg accagcatat cagcaactcg aagaatcaag 1550
gatcccagac caggatacga taccttgcca agggtattca tccagtggtt 1600
taaaaaccca acgaaataca tcaataaata tgcaactgcc ttcaagagag 1650
acaaacccct attttaatag cttggagcaa aaggacctgg tgggctatte 1700
atccacaagg gccagttctg tgcccatcat cccttcagtg ggtttagagg 1750
aaacctgcct gcaaatgcca gggatttctg aagtcaaaag catcaaatgg 1800
tgcaaaaact cctattcagc tgacgttgtc aatgtgagta ttccagtcag 1850
cgattgtctt atagcagaac aacaagaagt gaaaatattg ctagaaactg 1900
tccaggagca gatccgaatt ctgactgatg ccagacggtc agaagactac 1950
gaactggcca gcgtagaaac cgaggacagt gcaagtgaaa acacagcctt 2000
tctecececectg agtceccacag ccaaatcaga acgagaggcg caatttgtcet 2050
taagaaatga aatacaaaga gactctgcat tgaccaagtg a 2091

<210> SEQ ID NO 23

<211> LENGTH: 696

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 23

Met Ser Glu Gly Ala Ala Ala Ala Ser Pro Pro Gly Ala Ala Ser
1 5 10 15

Ala Ala Ala Ala Ser Ala Glu Glu Gly Thr Ala Ala Ala Ala Ala
20 25 30

Ala Ala Ala Ala Gly Gly Gly Pro Asp Gly Gly Gly Glu Gly Ala
35 40 45

Ala Glu Pro Pro Arg Glu Leu Arg Cys Ser Asp Cys Ile Val Trp
50 55 60

Asn Arg Gln Gln Thr Trp Leu Cys Val Val Pro Leu Phe Ile Gly
65 70 75
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Phe

Val

Lys

Phe

Ser

Pro

Thr

Ser

Thr

Pro

Thr

Ser

Ser

Ser

Phe

Leu

Val

Met

Gln

Ser

Lys

Pro

Pro

Ile

Gly

Gly

Pro

Pro

Asn

Arg

Thr

Thr

Val

Ala

Trp

Ser

Pro

Phe

Gly

Cys

Leu

Gly

Leu

Phe

Ile

Leu

Ser

Val

Gln

Gly

Ser

Met

Lys

Ala

Arg

Phe

Thr

Ala

Pro

Ala

Thr

Ser

Lys

Lys

Glu

Arg

Pro

Ile

Ser

Cys

Gln

Lys

His

Thr

Ser

Leu

Val

Gly

Ala

Thr

Ile

Pro

Ala

Pro

Gly

Tyr

Leu

Ser

Phe

Pro

Cys

Cys

Lys

Glu

Ile

Ala

Glu

Ala

Val

Ala

Phe

Gly
80

Lys
95

Gln
110

Met
125

Pro
140

Ser
155

Gly
170

Arg
185

Phe
200

Thr
215

Ala
230

Ser
245

Ser
260
His
275

Cys
290

Phe
305

Lys
320

Thr
335

Phe
350

Ser
365

Ala
380

Gln
395

Ser
410

Gln
425

Leu
440

Pro
455

Leu

Glu

Asp

Glu

Ser

Thr

His

Asn

Phe

Pro

Thr

Pro

Ala

Thr

Arg

Val

Glu

Asp

Met

Cys

Phe

Leu

Ser

Leu

Glu

Glu

Ser

Tyr

Pro

Thr

Ala

Arg

Arg

Thr

Ser

Ser

Ser

Phe

Thr

Thr

Asp

Ile

Gly

Ser

Glu

Ile

Tyr

Lys

Thr

Gln

Lys

Val

Leu

Val

Phe

Thr

Gly

Leu

Val

Ala

Ser

Thr

Ser

Gln

Thr

Thr

Lys

Glu

Tyr

Ile

Ser

Ile

Phe

Val

Met

Asn

Met

Pro

Met

Pro

Phe

Thr

Gly

Thr

Pro

Ala

Ser

Gln

Tyr

Asp

Thr

Tyr

Asp

Thr

Gln

Leu

Glu

Phe

Lys

Pro

Ala

Tyr

Met

Ser

Leu
85

Thr
100

Leu
115

Thr
130

Ala
145

Thr
160

Ile
175

Pro
190

Thr
205

Ala
220

Leu
235

Ala
250

Thr
265

Ser
280

Leu
295

Leu
310

Gly
325

Ser
340

Glu
355

Gly
370

Ser
385

Gln
400

Lys
415

Ser
430

Glu
445

Pro
460

Leu

Asp

Ser

Thr

Ala

Ile

Arg

Ala

Leu

Met

His

Ala

Pro

Thr

Ala

Thr

Val

Asp

Val

Ile

Lys

Asn

Ser

Lys

Ser

Asp

Lys

Leu

Lys

Thr

Ser

Thr

Ala

Thr

Gly

Pro

Asp

Ser

Glu

Glu

Tyr

Gly

Arg

Pro

Tyr

Val

Lys

Gly

Glu

Val

Ser

Arg

Trp

Val

Pro

Ser

Ser

Arg

Ser

Val

Ser

Ser

Ser

Ser

Thr

Arg

Cys

Ser

Cys

Thr

Gln

Ile

Gln

Lys

Asn

Glu

Phe

Gly

Ile

Asp

Ser

Thr

Arg

Ala

Pro

Pro

Arg

Trp

Thr

Ser

Ser

Ser

Leu

His

Asp

Asp

Arg

Val

Ala

Ser

Leu

Arg

Val

Ser

Val
90

Ser
105

Ser
120

Thr
135

Thr
150

Pro
165

Arg
180

Ser
195

Pro
210

Pro
225

Pro
240

Ser
255

Thr
270

Glu
285

Asn
300

Lys
315

Gln
330
His
345

Gln
360

Gly
375

Lys
390

Tyr
405

Val
420
His
435

Gly
450

Gln
465
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87

88

-continued

Val Ser

475

His Ser Leu Ser

470

Ser Lys His Arg Cys Cys Ser

Gln Met

485

Ala
490

Arg Ser Gly Leu His Arg Asn Phe Arg Arg

Ile
505

Ser Leu Val

500

Pro Ser Pro Arg Arg Gly Gly Gly Pro

Gln Gln Glu Glu

515

Leu Ser Arg Ile Pro Asp Gln Thr

520

Asp

Gln Ser Ser Ser Leu Thr Gln

530

Cys Gly Tyr Gly Lys

535

Arg

Ile Met Gln

545

Glu
550

Ser Asn Leu Pro Ser Arg Thr Asn Pro

Glu Gln

560

Asn Ser Leu Lys Asp Leu Val Gly Ser

565

Tyr Ser

Ala Val Ile Ile Val

580

Pro Pro Ser Leu Glu

575

Ser Ser Gly

Gln Met Ile Glu Val

595

Pro Ser Ser Ile

590

Cys Leu Gly Lys

Ala Val Val

610

Cys Lys Asn Ser Tyr Ser Asn Val

605

Asp Ser

Val Ile Ala Glu Gln Gln

625

Leu Glu Val

620

Ser Asp Cys Lys

Glu Thr Val Gln

635

Glu Gln Ile Ile

640

Leu Arg Leu Thr Asp

Glu Glu Ala Val

655

Arg Ser Asp Tyr Leu Ser Glu Thr Glu

650
Ala

Glu Thr

665

Ala Phe Leu Ser Pro

670

Ser Asn Leu Pro Thr

Glu Glu Ala

680

Ser Arg Gln Phe Val Leu Arg Asn Glu Ile

685
Ala Thr
695

Asp Ser Leu Lys

Pro

Thr

Ala

Ile

Asn

Tyr

Thr

Glu

Lys

Ile

Ile

Ala

Asp

Ala

Gln

Gly
480

Pro
495

Tyr
510

Pro
525

Thr
540

Phe
555

Arg
570

Thr
585

Trp
600

Pro
615

Leu
630

Arg
645

Ser
660

Lys
675

Arg
690

What is claimed is:

1. A method of activating tyrosine phosphorylation of
ErbB4 in an ErbB4-expressing cell, comprising administer-
ing to said cell
(a) a polypeptide comprising the amino acid sequence of
neuregulin 3 (NRG3) encoded by SEQ ID NO:1, SEQ
ID NO: 5, or SEQ ID NO: 22;

(b) a polypeptide comprising the amino acid sequence of
neuregulin 3 (NRG3) of SEQ ID NO:2, SEQ ID NO:6,
or SEQ ID NO: 23;

(f) a soluble form of the polypeptide (a) or polypeptide (b),

having a transmembrane domain that cannot anchor the

45

50

55

polypeptide in a cell membrane; and that activates recep-
tor tyrosine phosphorylation of the ErbB4 receptor.
2. The method of claim 1 wherein the cells are neuronal
cells.
3. The method of claim 2 wherein the neuronal cells are
cells of the central nervous system.
4. The method of claim 3 wherein the neuronal cells are
spinal cord neurons.
5. The method of claim 2 wherein the neuronal cells are
motor neurons.
6. The method of claim 2, wherein the neuronal cells are
sympathetic, parasympathetic, sensory, or enteric neurons.
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